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Using polycyclic aromatic hydrocarbons (PAHs) as significant material for application in 
organic light-emitting diodes (OLEDs), organic photovoltaics (OPV), Organic field-effect 
transistors (OFETs) has been a popular research topic, due to its exhibited excellent 
optoelectronic properties in electronic device. 
Pyrene and its derivative are a classical member of PAHs that have attracted great interest 
of scientific community, not only their plane structure, but also the excellent fluorescence 
properties. Recently, many directly synthetic methods for PAHs based on pyrene have been 
reported. On the other hand, due to the highly emissive and rigid structure of pyrene, that also 
can be extensively exploited in organic electronic devices such as OLEDs, OFETs and solar 
cells, as well as novel fluorescence chemosensor. However, the flat structure of pyrene has 
disadvantage for fabricating OLEDs device, owing to its have a high tendency towards 
ð-stacking and excimer formation and quench emission intensity with low fluorescence 
quantum. 
In this thesis, I presented an effectively strategy to modify pyrene both in active sites (1-, 
3-, 6-, 8-) and K-region (4-, 5-, 9-, 10-) through bromination reaction (electrophilic 
substitution reaction). Subsequently, attempted to introduced various aryl substituents in the 
corresponding positions of pyrene by Suzuki-Miyaura cross-coupling reaction from resultant 
bromopyrene derivative, which molecules possessed stable, deep blue fluorescence and high 
quantum yield were degisned and synthesized for OLEDs material application, the detail of 
photophysical properties and structure-properties relationship were further investigated by 
X-ray diffraction, UV-vis/fluorescence spectroscopy and DFT calculation. 
The focal point of this thesis is on the “Synthesis and Photophysical Properties of 
Pyrene-Based Blue Light-Emitting Monomers”, with the main focus on the following; 
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Chapter 1) Overall Introduction the Background and Perspective of OLEDs Material 
Application; 
Chapter 2) Overall Introduce the Pyrene Chemistry on OLEDs Material Application; 
Chapter 3) Pyrene-Based Y-shaped Solid-State Blue Emitters: Synthesis, Characteri- 
zation and Photoluminescence; 
Chapter 4) Blue-Emitting Butterfly-Shaped 1,3,5,9-Tetraarylpyrenes: Synthesis, Crystal 
Structures and Photophysical Properties; 
Chapter 5) Regioselective bromination of 7-tert-butylpyrene and explore the effect of the 
substituent positions on photophysical properties of aryl-functionalized pyrene derivatives. 
Herein, I introduced my comprehensive research background and techniques on optical 
absorption and fluorescence spectroscopy, as well as structure-property relationships of 
ð-conjugated systems to prepare these new pyrene derivatives which will be in a great 
demand for OLEDs applications in organic optoelectronic devices. 
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In this chapter general introduction of OLEDs and OLEDs materials with respect to their 
applications is presented, and a brief introductory development trend of optical material is 
also discussed. 
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1.1 Introduction and background 
Organic electroluminescence (EL) is an optical and electrical phenomenon, which 
non-crystalline organic materials recombined electrons and hole emit light, when electric 
current or strong electric field passed them. This phenomenon was observed from single 
crystals of anthracene by Helfrich in 19651. Although the high quantum efficiency obtained 
with such organic crystals, the application is limited owing to the high working voltage 
required as a result of the large crystal thickness and poor electrical contact quality. 
 
Figure 1 Basic OLED device structure. 
The first profound breakthrough since Tang and Van Slyke2 who reported double layer 
organic light-emitting diodes (OLEDs) with low-voltage and attractive luminance efficiency 
in 1987, which combined modern thin film deposition techniques with suitable materials 
with structure form p-ð heterostructure devices. This novel application of the principle 
caused a resurgence of interest in the subject sparking increased research in the technology. 
After 3 years later, the Friend group at the University of Cambridge discovered the EL from 
polymers for the development of large-area OLEDs.3 that exhibited light emission in the 
green-yellow part of the spectrum with considerable high efficiency. Since then, many efforts 
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to improve color gamut, luminance efficiency and device reliability of OLEDs material for 
research interesting and commercial value. And the growing interest is largely motivated by 
the promise of the use of this technology toward full-color flat panel displays. 
The significant advantages of OLEDs material for flat-panel display applications are their 
self-emitting property with high luminescence efficiency and stability. There are showing 
some significant advantages in application, 1) An organic LED uses thin films with an 
applied voltage to produce monochromatic or polychromatic light,4 its trend to exhibit superb 
image quality in full-color display LED. 2) It is possible to lighten device weight by 
improving manufacturing technique. 3) Lower energy consumption due to the absence of a 
back light in an OLEDs make it possible for a display to requires less energy. 4) Higher 
theoretical conversion efficiency is up to 100% than traditional LCD.5 5) the glass substrate 
or a plastic, flexible substrate of OLED can be used instead of rigid ones. This practicability 
aspect is attractive to challenge traditional method and dominate new display technology. 6) 
The larger viewing range is also an important revolution for OLEDs technology. The OLEDs 
have large viewing angle almost up to180°. All of the unique form and intrinsic 
characteristics is possible improving current displays technologies. 
 
Figure 2 Currently OLEDs displays for (left) Sony Clie and (right) LG biggest OLED at 55 inch. 6, 7 
Indeed, the technology has already extensive application in televisions and cell phone 
displays. Sony announced that it would be the first to market with an OLED television in 
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2007.6 Recently, South Korea’s LG Electronics has produced the vivid colors on LG's 
55-inch OLED TV screen that is 0.16 inches thin appear on a screen - around the same as 
adult human skin. 7 (Figure 2) 
1.2 OLEDs device 
The typical OLEDs device is consist of a layer of a luminescent organic chromophore 
sandwiched between two metal electrodes. Electrons and holes are first injected from the 
electrodes into the organic layer (EML). These charge carriers migrate through the organic 
layer and form excitons when non-geminate pairs of oppositely charged polarons capture 
each other. The anode is transparent and usually made of indium tin oxide (ITO), while the 
cathode is reflective and made of metal. The thickness of the organic layer is around 100 and 
150 nm.  
 
Figure 3 Evolution of OLED device structures (HIL = hole injecting layer, HTL = hole transporting layer, EML 
= emitting layer, HBL = hole blocking layer, ETL = electron transporting layer). 
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A current of electrons flows through the organic layer from cathode to anode, and holes 
from the anode to cathode, respectively. Then, Electrostatic forces bring the electrons and 
the holes towards each other then recombine to form excitons. This process occurred at the 
emissive layer because the location of the recombination zone in the diode is a function of 
the charge mobility of the organic material as well as of the electric field distribution. After 
diffusion, the exciton recombines and a photon is emitted. 
The development history of OLED devices is summarized in Figure 3. In a basic one-layer 
OLED structure. Here, EML was composed of materials with the capabilities of 
hole-transporting, electron-transporting and emissive. Tang and his group have reported 
double-layer structure dramatically improved power conversion efficiencies by the addition 
of a hole transport layer (HTL) with the thin amorphous film stacking in the device 
structure.2 The HTL provides an efficient site for the recombination of the injected 
hole-electron pair and resultant electroluminescence. Subsequently, multi-layer structure 
configurations to improve the device performance were implemented by inserting several 
layers like buffer layer between anode and hole transport layer (HTL)8, electron transport 
layer (ETL), hole blocking layer (HBL)9 or interlayer between cathode and ETL10 in the 
device structure. Thus, the luminescent or recombination layer can be chosen to have a 
desired EL color as well as high luminance efficiency. 
The frequency of this radiation depends on the different energy gap between the highest 
occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) 
levels of the electroluminescent material. Generally, the color of the light emission can be 
controlled by adjusting the conjugation of the organic monomer or polymer molecule. For 
high efficient hole injection from the anode, a low barrier is required in respect of the 
HOMO level of the organic material (typically 5–6 eV). For OLEDs, Charge injection and 
transport play limited roles for determining operating voltage and luminance efficiency. 
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However, the hole current is important for electrons injection but was limited by 
electron-injection cathode materials. So the use of appropriate surface treatments of anodes is 
great importance. ITO is usually used for the anode because of its high work function as 
well as its good transparency in the visible range. Hole injection is further enhanced by 
oxygen plasma treatment of the ITO.11 Similarly, a low barrier for electrons is also needed 
in respect of the LUMO level of the organic material (typically 2–3 eV). Low work function 
metals such as Ca and Mg are required but they are very sensitive to moisture, and more 
stable cathodes have been introduced, such as Mg/Ag alloys12 or Al in combination with 
alkali metal compounds.13 
1.3 The efficiency of OLEDs 
Quantum efficiency is an important quantity which reflects the comprehensive results of 
the EL process and be defined as the ratio of the number of emitted light quanta per unit 
area per unit time to the number of carriers flowing across unit area unit per unit time. The 
efficiency of an OLED is evaluated by its quantum efficiency, the current efficiency in cd 
A−1 (ηL) or the luminous efficiency (ηP) in lmW−1. In OLEDs, the current efficiency (ηL), is 
defined the ratio of the luminance (L) to the current density (J) flowing into the diode.  
               ηp = π L / J V                         (1) 
The quantity J [A/m2] is the current density, the quantity L [cd/m2] is the brightness, and 
the quantity V [V] is the working voltage. 
The luminous efficiency (ηP) is another way to characterize the quality of a device 
including the external quantum efficiency (ηext) and the internal quantum efficiency (ηint). ηext 
is defined as the number of emitted photons divided by the number of injected charges, is 
given by:14 
                ηext = ηrφfχηout = ηintηout                  (2) 
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where ηr is the probability that holes and electrons recombine to form excitons. φf is the 
fluorescent quantum efficiency or the fraction of excitons that decays radiatively. χ is the 
probability for radiative decay to occur, and generally only singlet excitons emit light. 
It is note that ηL and ηP are functions of eye sensitivity (photopic response), which is 
maximum in the green range and therefore the current or luminous efficiency is lower in the 
blue and the red part of the spectrum in comparison with green, assuming devices with the 
same quantum efficiency and working voltage. 
1.4 Recent Developments of OLEDs Materials 
As OLEDs materials, the main requirements are high fluorescence quantum yield in the 
solid state, good carrier mobility (both n and p type), good filmorming properties (pinhole 
free), high thermal and oxidative stability, and excellent colour purity (adequate CIE 
coordinates).15 
Generally, two types of electroluminescent materials are used: small molecules 
(SM-OLEDs) and polymers (PLEDs). The electroluminescence performance is generally 
very similar for the two classes of material and the main difference is the deposition process 
of the thin organic film. SM-OLEDs are advantageous in that they can be highly purified and 
vacuum deposited in multilayer stacks, both important for display lifetime and efficiency. 
PLEDs are generally of lower purity than small molecules but can access larger display sizes 
and full color at much lower costs via solution-based deposition techniques.16 Thermal 
evaporation deposition enables complicated multilayer device architectures and renders 
excellent devices with high efficiencies.17 In contrast, solution-based deposition limits 
fabrication of composite device structures because the solvent used for one layer can 
redissolve or otherwise damage the previous layers.18 Therefore, thermally evaporated 
SM-OLEDs are typically more efficient and longer-lived than solution-processed PLEDs. 
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1.4.1 Polymer materials for OLEDs 
Polymer light-emitting diodes (PLED), also named light-emitting polymers (LEP), which 
can be used as a thin film for full-spectrum color displays due to theirs quite efficient and 
require a relatively small amount of power for the amount of light produced. The first 
example was reported on electroluminescence from conjugated polymers (e.g., 
poly(p-phenylenevinylene) (PPV) 1) by Burroughes et al.3. Since that, the development of 
numerous organic light-emitting diodes based on conjugated materials; have attracted by 





Figure 4 Chemical structure of PPV (1) 
Conjugated polymers have been extensively investigated and explored for SPOLEDs.19 
However, intrinsic drawbacks of polymers including the impurities and the structure defects 
extremely degrade the device performance.20 Compared with polymers, small molecules 
show significant advantages, such as well defined molecular structures, facile purification by 
standard techniques, and specific structure–property correlations.21 
1.4.2 Small-molecules materials for OLEDs 
The phenomenon of EL was first observed in a device comprising a single crystal of 
anthracene (2),1 and the application prospective was limited until 1987, the development of 
two-layer organic structure for efficient OLEDs was fabricated by vacuum deposition small 
molecules Alq3 (3),2 which exhibited high luminous efficiency and required a low driving 
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voltage. After that, the small molecules can be used as organic semiconductors for 
fabricating efficient multilayered structures of OLEDs derice by subsequent evaporation and 
high vacuum techniques. Thin films of these materials can be grown by heating a source 
pellet or powder of the material causing it to evaporate onto a substrate in vacuum chamber, 











Figure 5 Chemical structure of anthracene (2) and Alq3 (3) 
There are several requirements of the small-molecule materials: 
(a) The material should own enough high decomposition temperature for avoiding 
material structure crushed during thermal evaporation in the vapour deposition process. 
Generally, the evaporation temperatures is range from 150oC to over 400oC, the material in 
the vacuum chamber would be evaporated and condensed on a cool substrate 
(b) The deposited films should be of high quality and purity. Typical thicknesses are in the 
range from 5 to 200 nm. 
(c) The glass transition temperature Tg should be higher (over 85oC) enough to prevent 
crystallization during condensing process. 
In the Small-molecule devices, the electron- and hole-transporting materials were 
separated by emission layer and formed a junction sandwiched between anode and cathode 
electrodes. The type of small-molecular OLEDs would have more efficient quantum yield, 
larger activity mobility and charge carrier. In addition, this structure can make sure that the 
electron and charge were recombinated occurred at the interface of the HTL and ETL layers 
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instead of closing to the anode and cathode layers, which would effect of quenching 
luminescence and causing non-radiative decay of the excitons. 
There are a large number of small molecules that have been investigated for small 
molecule OLEDs and new molecules with specific attributes continue to be researched.  
1.4.3 Bipolar Small Molecules for OLEDs 
Recently, growing interest has been focused on finding materials with bipolar transporting 
characters for OLEDs. As the charge-carrier transport in small molecules is a chain of redox 
processes between the neutral molecules and the corresponding radical ions, 
electron-donating and electron-withdrawing moieties have the potential ability to transport 
holes and electrons, respectively.22 With bipolar materials as the emitting layer, enhanced 
performances and operational stability have been demonstrated. The utilization of bipolar 
materials also offers the possibility to achieve efficient and stable single-layer OLEDs, which 
is highly desirable for simplifying the manufacturing process and reducing the production 
cost.23 
Zhou et al. introduced non-planar binaphthyl groups and obtained a red device with a 
luminescence efficiency (LE) of 1.95 cdA-1 and a high maximum luminance of 8315 cdm-2 at 
a low turn-on voltage of 2.2 V.24 Wang et al. reported a color-stable blue OLED with a LE of 
5.3 cdA-1, a maximum external quantum efficiency (EQE) of 4.5%, and CIE coordinates of 
(0.155, 0.086).25 In spite of the rapid development, small-molecule SP-OLEDs exhibiting 
excellent performance with a single-layer device have been rarely reported so far, especially 
for highly efficient blue SP-OLEDs.26 Ma et al. described a bipolar molecular Combining the 
rigidity of the conjugated emissive cores and the flexibility of the peripheral alkyl-linked 
carbazole groups for small molecule solution-processed organic light emitting diodes 
(OLEDs).27 Jin with co-worker synthesized highly efficient deep-blue fluorescent materials 
based on phenylquinoline–carbazole derivatives for application in OLEDs device, that 
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doped deep-blue material works as an excellent host material to get high-performance 
OLEDs with excellent deep-blue CIE coordinates (x=0.155, y=0.157), high power 
efficiency (5.98 lm W-1), and high external quantum efficiency (5.22%).28 
1.5 Conclusions 
During the past two decades, numerous materials with brightness RGB emission have 
been developed to meet the requirements towards the full-color displays. Among them, 
organic small materials containing polycyclic aromatic hydrocarbons (PAHs) (e.g. 
naphthalene, anthracene, perylene, fluorene, carbazole, etc.) are well-known and suitable for 
applications in OLEDs. Recently, many PHAs such as pyrene, naphthalene, anthracene, 
perylene, fluorene and their derivatives have been widely used as efficient emitting materials 
in OLEDs applications. 
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In this chapter general introduction of pyrene and pyrene derivative for OLEDs material 
with respect to their applications is presented, 
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2.1 General Introduction  
The research area of designing and synthesizing molecules for organic light-emitting 
diodes (OLEDs) by using polyaromatic hydrocarbons (PAHs) has been rapidly progressing 
ever since the first generation of organic electroluminescence (EL) was discovered by Tang 
and co-workers.1 OLEDs device has excellent photophysical properties for applications in 
full-flat panel displays2 and solid-state lighting.3 The development of efficient and pure red, 
green and blue emitters is necessary, especially blue emitters which are indispensable for 
OLED displays.4 Although red and green materials for devices with sufficient efficiencies 
and lifetimes of commercial value have been reported, the design and synthesis of blue 
light-emitting compounds with satisfactory multi-functional properties for high-performance 











Scheme 1 structure of pyrene molecular 
Pyrene is one of the classical polycyclic aromatic hydrocarbons (PAHs), which shows a 
high fluorescence (FL) quantum yield in solution and efficient excimer formation.5 The 
excimer FL of pyrene and its derivatives have been employed to detect guest molecules,6 
and as single-molecule excimer-emitting compounds for OLED application.7 Pyrene, as an 
organic electroluminescence material, has several advantages: (1) solution processable, (2) 
good thermal stability, (3) enhanced charge carrier mobility, and (4) intense luminescence 




However, the flat structure of pyrene has gone against fabricating OLEDs device because 
of its having a high tendency towards ð-stacking and excimer formation and quench emission 
intensity with low fluorescence quantum. An effective strategy to suppress strong 
intermolecular interaction in condensed media is to introduce suitable substituents into the 




































Figure 1 Synthesis route for bromopyrene, a) Nitrobenzene, Br2, 160oC; b) 2-chloro-2-methylpropane, 
Anhydrous AlCl3, CH2Cl2,, rt.; c) Br2, CH2Cl2, -78 oC or BTMABr3 (benzyltrimethylammonium tribromide), 
Dry CH2Cl2, Dry MeOH, 35 oC; d) Iron powder, Br2, CH2Cl2,24hs. 
The 1-, 3-, 6-, and 8-positions of pyrene are preferentially suitable for electrophilic 
aromatic substitution (SEAr) reactions. On the other hand, when sterically bulky tert-Bu 
groups, which act as positional protective group is located at the 2- and 7-positions of 
pyrene, the 4-, 5-, 9- and 10- positions are subjected to bromination in the presence of iron.8 
Interestingly, further prolonging the reaction time, the ipso-bromination product 
4,5,7,9,10-pentabromopyrene can be obtained.9 Additionally, Yamato et al. reported that the 
5-mono- and 5,9-di-substituted products can be selectively prepared from 
Xing Feng                                                       Saga University Japan 
16 
 
7-tert-butyl-1,3-dimethylpyrene by formylation and acetylation reactions depending on the 
Lewis acid catalysts used.10 More recently, 6- and 8- position of pyrene were replaced by 
bromination from 2-tert-butyl pyrene, because the tert-butyl group on the pyrene inhibits the 
electrophilic attack at the 1,3-positions.11 
The method trend to introduce substituents in the 1-, 3-, 6- and 8- positions of pyrene for 
investigating the impact both the overall photophysical properties and geometric structure. 
For example, 1, 3, 6, 8-tetraphenylpyrene (TPPy) exhibited pure blue fluorescence with high 
quantum yield (fc = 0.90),12 bulky aryl group block located on 1, 3, 6, 8-position for 
preparing tetraarylfunctionalized pyrenes showed high efficiencies with deep blue emission 
and low turn-on voltages and a maximum brightness in organic electronic devices.13 And 
Sotoyam and coworker investigated the different phenyl moieties how to affect the 
fluorescent properties of 1, 3, 6, 8-tetrasubstituent pyrene by molecular orbital (MO) 
method.14 The tert-butyl group located at the 2- or 2,7-positions of pyrene played an 
important role for reducing undesirable ð-stacking interactions in the solid-state. Thus the 
Y/Cruciform/hand-shaped pyrene derivative can be potentially used as blue emitters for 
OLED applications.8b, 9, 11a 
  
Figure 2 Borylation and bromination of pyrene a) B2pin2 (2.2 equiv), [{Ir(ì-OMe)cod}2] (1 mol%), dtbpy (2 
mol%), THF, 80 oC, 16 h, 94%; b) CuBr2, H2O, MeOH, THF, 16 h, 90°C. 
Halogenation reaction is an important strategy to expand pyrene application in optical 
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material and chemical sensors.15 Because many interesting pyrene derivatives were 
synthesized by classical Suzuki/Sonogashira coupling reaction using bromopyrene.16 
Otherwise, in pyrene chemistry, I have to mention the profound effect of borylation pyrene. 
Substitution chemistry of pyrenes is typically limited to reactions at the 1-, 3-, 6-, and 
8-positions. The reactions at the 2- and 7-positions along the main twofold axis of the 
molecule are normally precluded because both the HOMO and the LUMO have a nodal plane 
coincident with this axis. So iridium-catalyzed borylation of pyrene offered a new direct 
method to preparing pyrene-based materials, since Marder et al. reported the selectivity of 
the iridium boryl complex-catalysed reaction of pyrene for 2,7- (Bpin)2 pyrene,17 and opened 
many possibilities in terms of using these attractive building-blocks in different coupling 
reactions.  
Also, the pyrene boronates (boronic acids, boronate esters, and trifluoroborate salts) are 
widely used as key intermediates for a variety of cross-coupling reactions, which offer a 
bridge to connect more than one pyrene with pyrene together. 
Herein, I provide an overview of the use of various molecular structures of pyrene-based 
materials in organic electronics illustrating the increased interest of pyrene in electronic 
devices and highlighting their potential as organic semiconductors. 
2.2 Novel fluorescent light-emitting materials on pyrene-based 
  Recently, pyrene-based materials for organic electronics were mainly prepared from 
reaction of bromopyrenes with corresponding boronic acids or alkynes by 
Suzuki/Sonogashira cross-coupling reactions under Pd-catalysis.16 
2.2.1 Linear-shaped molecules based on pyrene 
Mixture pyrene with 1 equiv of bromine at room temperature 18 offered 1-Bromopyrene, 
which as starting material for the 1- substituted pyrenes was synthesized by metal catalyzed 
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cross-coupling reactions for application in molecular electronics. This method not only 
offered larger ð-systems by carbon-carbon bond-forming by Suzuki/ sonogashira coupling 
reaction, but also it possible to connect more than one pyrene in the molecular terminal. For 
example, two pyrene moieties were involved in 1,4-di-1-pyrenylbenzene (1),19 their 
application as exceedingly efficient blue emitters for organic light emitting diodes (OLEDs) 
have also been reported. Similarly, 1,4-di(1-pyrenyl)butadiynylene (2) was linking of two 










n=1, 26  
Figure 3 Linear-shaped molecules of pyrene derivative for Light emitting monomers 
Adachi reported new 2,7-fluorenevinylene-based trimers (3) were synthesized by the 
Heck coupling reaction of 3-bromopyrene, Their light emission was blue-green in both 
solution and solid state with PL maximum.21 Recently, many interesting liner molecule were 
designed and synthesized by Suzuki/sonogashira/Heck/Chichibabin/Wittig reaction based on 
bridge moieties like fluorine,22 polythiophene,23, 24  C60,25 carbazoles,26 pyrene27 and 
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Octavinylsilsesquioxane28 etc. All compounds could be used as solution processable 














Figure 4 Chemical structure of 1-substituent pyrenes 7-11 
Hexapyrenylbenzene (12)29 was prepared and its spectroscopic properties were analyzed 
for applications as light-emitting and charge-transport layers in OLEDs. Lambert reported 
multichromophoric systems including three pyrenes and three triarylamine substituents in 
different positions that triarylamine acts as the electron donor and pyrene as the electron 
acceptor.30 For useful 2,7-(Bpin) pyrene (1) and 2- (Bpin)pyrene (2) derivatives, a library 
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linear compounds of 2- and 2,7- substituted pyrenes bearing donor and acceptor groups, 
including aryl, ethynyl, arylethynyl, alkyl, hydroxy, alkoxy, diarylamino, carboxylic acid, 
and diarylboryl derivatives were synthesized and detailly discussed the nature of the 
electronic transitions.31 Zhu et al. Presented a novel series of 2,7-functionalized pyrene 
derivatives (DT-P, DYz-P, DPh-P and DHT-P （18-21） ) for effective field-effect 
transistors as p-type semiconductors, and expecially the field-effect mobility as high as 0.018 




























Figure 5 Chemical structure of 2- or 2,7- mono/disubstituent pyrenes 12-21 
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2.2.2 Star-shaped molecules based on pyrene 
Generally, the 1, 3, 6, 8- position of pyrene were preferentially attracted under 
experimental condition. From pyrene as starting material, 1, 3, 6, 8-tetrabromopyrene can be 
obtained in high yield (90%) by electrophilic aromatic substitution (SEAr) reactions. It is a 
classical bromide precursor that was widely used for designing Star-shaped pyrene-based 
OLEDs/OFETs material by Suzuki/Sonogashira cross-coupling.  Since 1, 3, 6, 
8-tetraphenylpyrene (TPPy) (22) was shown highly fluorescent (fc = 0.90) in solution in 
pure blue spectral region,12 that subsequently used as an active layer in a lateral organic 
light-emitting diode device.33 Various star-shaped molecules pyrene-based derivatives were 
synthesized for electroluminescence (EL) application. 
BrBr
BrBr





Scheme 2 Syntheis route of tetrasubstituent pyrene 
Chow and co-workers34 developed a series of inhibited, ð-stacked 1, 3, 6, 
8-tetraarylpyrenes (23) by introducing sterically congested group, which were explored as 
blue-emitting materials in OLEDs. Sonar and co-workers13 prepared 1, 3, 6, 
8-tetraarylfunctionalized pyrenes (24) for applications in solution-processed organic 
electronic devices such as light-emitting diodes (OLEDs), by comparing the effect of 
ð-conjugation of terminal moieties, the 1, 3, 6, 8-tetrakis(4-butoxyphenyl)pyrene 
(Py-PhOC4), has been used as the active emitting layer in simple solution-processed OLEDs 
with deep blue emission (CIE=0.15, 0.18) and maximum efficiencies and brightness levels of 
2.56 cd/A and >5000 cd/m2, respectively. Tao et al. reported two kinds 
1-[4-(2,2-diphenylvinyl)phenyl]pyrene (PVPP) (25) and 1, 3, 6, 8- tetrakis[4-(2,2- 
Xing Feng                                                       Saga University Japan 
22 
 
diphenylvinyl)phenyl]pyrene (TPVPP), (26) and PVPP successfully suppresses the 
fluorescence quenching of pyrene units in the solid state, displaying aggregation-induced 
enhanced emission (AIEE), however, TPVPP shows a distinct fluorescent behavior due to 
intermolecular C–H···ð interaction effect the optical behavior.35 Zhao reported the 1, 3, 6, 
8-Tetrakis[(triisopropylsilyl)ethynyl]pyrene (TTIPSEPy) (27) ,a simple-structured molecule, 
shows strong solid-state photoluminescence with unity emission efficiency.36 Recently, 1, 3, 
6, 8-tetra-o-tolylpyrene (TTPy) (28) and 1, 3, 6, 8-tetrakis(3,5-dimethylphenyl)pyrene 
(TDMPPy), (29) were synthesized through Suzuki coupling reactions, and the effect of 
















































28 29  
Figure 6 Chemical structure of 1, 3, 6, 8- tetrasubstituent pyrenes 22-29 
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For organic field effect transistors (OFETs), the first example of p-type OFETs based on 
star-shaped pyrene-type molecules (30) was reported by Zhu and co-workers,38 The 
first-generation dendrimer PYGO (31) was synthesized by nucleophilic aromatic 
substitution with thiolate anions in a polar solvent that presents interesting redox properties, 
such as the change of the color emission upon reversible one-electron oxidation, which may 
be useful for optoelectronic devices.39 Pyrene 1, 3, 6, 8-tetracarboxylic acid (32) was 
synthesized by Bock and these pyrene esters present columnar liquid crystalline behavior 
combined with electroluminescence.40 
 
Figure 7 Chemical structure of 1, 3, 6, 8- tetrasubstituent pyrenes 30-32 
On the other hand, 1, 3, 6, 8-tetraethynylpyrenes (33) and its derivatives have been 
reported in 2005, and the effect of extended acetylenic conjugation on their absorption and 
fluorescence-emission properties is studied.41 1, 3, 6, 8-Tetrakis 
(3,4,5-trisdodecyloxyphenylethynyl)- pyrene (34) exhibited high fluorescence quantum yield 
in solution with a quantum yield in the crystalline phase as high as 62 ±6%.42 Otherwise, 
Sankararaman et al systematically investigated the effect of solvent, concentration, and 
temperature on the aggregation of a pyrene octaaldehyde derivative, (35) which showed 
aggregation through strong ð•••ð and C-H•••ð interactions in solution and in the solid state.43 
Furthermore, the number of substitutions group and the substituted position of pyrene 
derivative were thoroughly investigated by Kim44 and Konishi.45 Those results results 
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strongly indicate that substitutional groups can be used to tune the photophysical properties 
of the pyrene chromophore, as well as to improve the solubility or prevent aggregation. In 
other words, they can be used to develop new photofunctional materials. Thomas et al.46 
developed new blue- to yellow-emitting materials pyrene-based molecular emitters featuring 



















































Figure 8 Chemical structure of 1, 3, 6, 8- tetrasubstituent pyrenes 33-39. 
The acetylene linkage between the pyrene and fluorene chromophores is benefit the optical, 
electrochemical, and thermal properties of the compounds when compared to the derivatives 
in which fluorene and pyrene units are directly connected. Konishi synthesized new pyrene 
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and anthra- cene derivatives that have both high luminous efficiency and high solubility in 
CLCs that can be used as such highly efficient dyes enables us to attain lower lasing 
thresholds in dye-doped DFB- CLC lasers.47 More recently, 1, 3, 6, 8-tetrakis 
diarylamino-functionalized pyrene derivatives (39) were synthesized via Buchwald–Hartwig 
amination reaction for high-performance OLEDs applications.48 
2.2.3 Asymmetric star type -shaped molecules based on pyrene  
Mixture unsaturated of bromine with pyrene (2:1) in nitrobenzene at 160 oC offered 
complex mixtures of the 1,6- and 1,8-disubstituted pyrenes, which are difficult to isolate. But 
this intermediate 1,6- and 1,8-dibromopyrenes affords a useful pyrene building block for 
coupling reactions such as Suzuki, Sonogashira, or Heck. And the rest of active sites can be 
further bromination for designing novel structure. For instance, compounds N1PP (40) and 
N2PP (41) were synthesized in step-wise manner by Suzuki coupling, bromination and 
second Suzuki cross-coupling reaction a new electron transport material for the fabrication 
of blue OLED devices.49 this work provided a new strategy to prepare multifarious molecules 
for OLEDs application. the corresponding 1,3-, 1,6-, 1,8-, and 2,7-bis(2- 
[1,10]phenanthrolinyl) pyrenes (42-44) were synthesized as new pyrene- bridged bis(phen) 















40 41  
Scheme 3 Asymmetric synthesize for 40 and 41, a) 3-pyridinylboronic acid, Pd(PPh3)4 and K2CO3, THF, 
toluene, 90oC, 24h, b) pyridinium hydrobromide perbromide, 1,2-dichlorobenzene, c) 1/2-naphthylboronic acid, 
Pd(PPh3)4 and K2CO3, THF, toluene, 90oC, 24h. 










Figure 9 pyrene- bridged bis(phen) ligands of 42-44 
2.2.4 Other type -shaped molecules based on pyrene 
Tertbutyl group plays an important role in pyrene chemistry, which is both its steric effect 
in molecular structure, and it is beneficial for improving solubility of organic compound. The 
tert-butyl group located at the 2- or 2,7-positions of pyrene played an important role for 
reducing undesirable ð-stacking interactions in the solid-state. Thus the 
Y/Cruciform/hand-shaped pyrene derivative can be potentially used as blue emitters for 
OLED applications.8b, 11a, 9 and pyrene has a nodal plane passing through the C2 and C7 
carbon atoms in the HOMO and LUMO, and t-Bu as substitution at the those positions has 
less perturbation on the electronic properties of the pyrene moiety than substituents at the 1-, 
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b: R = t-Bu
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Figure 10 Chemical structure pyrene derivatives 45-47. 
Additionally, Yamato et al. reported that the 5-mono- and 5,9-di-substituted products can 
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be selectively prepared from 7-tert-butyl-1,3-dimethylpyrene by formylation and acetylation 
(48) reactions depending on the Lewis acid catalysts used.10 More recently, 6- and 8- position 
of pyrene were replaced by bromination from 2-tert-butyl pyrene, because the tert-butyl 
group on the pyrene inhibits the electrophilic attack at the 1,3-positions.3 Previously, a novel 
bromide precursor of 1,3,5,9-tetrabromo-7-tert-butylpyrene (49) was prepared from 
2-tert-butylpyrene by bromonation with Br2 in presence of iron powder (6 equivalents) in 
CH2Cl2 at room temperature. Utilizing the key material 49 by Suzuki cross-coupling reaction 





























Figure 11 Chemical structure of 1, 3,5, 9- tetrasubstituent pyrenes 48-50. 
Mullen et al. reported new type of dendrimers, polypyrene dendrimers (Py(2) (51), Py(3) 
(52), Py(5) (53), Py(17) (54),).11b 
51
52
53 54  
Figure 12 Chemical structure of 1, 3, 6, 8- tetrapyrene pyrenes 51-54. 
Xing Feng                                                       Saga University Japan 
28 
 
2.3 Functionalized pyrene-based light-emitting polymer 
Small molecules are advantageous in that they can be highly purified and vacuum 
deposited in multilayer stacks, both important for display lifetime and efficiency. And 
vacuum deposition techniques require costly capital equipment, a limitation to practical 
display size and have significant problems in achieving full color displays at high volume 
using masking technologies.52 So, Conjugated polymers such as polyphenylenevinylene 
(PPV) (55) and its derivatives are known as visible light emitters and have been widely 
used in the fabrication of light-emitting devices.53 Recently, some pyrene-based conjugated 
oligomers and polymers have been reported. Sellinger et al. reported a new class of solution 
processable amorphous materials based on silsesquioxane cores with many attractive 
properties for application in organic light emitting diode.28 The electroluminescent of A 
twistacene, 6,8,15,17-tetraphenyl- 1.18,4.5,9.10,13.14- tetrabenzoheptacene (56) was used 
as emitter with a host polymer to fabricate single-layer white OLEDs.54 Recently, 
poly-7-tert-butyl-1,3-pyrenylene (57) presents the benefit of a very stable blue emission, 
which is a consequence of the 1,3-substitution resulting in a large dihedral angle between 
pyrene units, strongly suppressing aggregation and excimer emission.55 
Pyrene-triphenylamine (PPyrTPA) (58) copolymer shows a deep blue electroluminescence 
(EL) emission and high photoluminescence quantum yield.56 Polymers of 1-ethynylpyrene, 
(59) 1-trimethylsilylethynylpyrene (60) and organosilanylene-diethynylpyrene (61) have 
also been reported.57 The copolymers with polyfluorene (62, 63) emitted blue light in 
solution with PL maximum between 414 and 444 nm (PL quantum yields 0.420.56) and 
green light in a thin film with PL around 520 nm.58 These polymers exhibit high thermal 
stability and absorb and emit in the visible region.  




























































Figure 13 Chemical structure of poly pyrene-based derivative 55-63. 
More interesting was that Jiang have reported the synthesis of a new COF based on the 
condensation reaction of triphenylene and pyrene monomers. TP-COF (64) is highly 
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luminescent, harvests a wide wavelength range of photons, and allows energy transfer and 
migration.59 
A novel homologous series of five monodisperse ribbon-type polyphenylenes, with rigid 
dibenzo[e,l]- pyrene cores in the repeat units, are synthesized by a microwave-assisted 
Diels-Alder reaction. , these graphitic molecules self-organize into 2D columns when 
adsorbed on highly oriented pyrolytic graphite (HOPG), thus rendering them attractive 
candidates for future applications in organic electronic devices such as e.g. field effect 
transistors.60 
 
Figure 14 Schematic representation of TP- COF 




Figure 15 Poly pyrene derivative 65-69 
2.4 Donor - Acceptor system pyrene-based for material application 
Recently, the donor and acceptor motifs have involved in a molecular that exhibited 
special photophysical properties and lead to absorption and fluorescent spectral changes, 
such as intramolecular charge-transfer (ICT) absorption and fluorescence. The interesting 
photophyscial phenomenon has attacked many group make effort to researching. 
This concept of D-A substitution has also been applied on highly fluorescent polycyclic 
aromatic hydrocarbons (PAHs) for their use in OLEDs.61 However, for pyrene chemistry, 
typically the easily accessible positions 1, 3, 6, and 8 or 4,5,9, and 10 as above mention that 
are utilized to adjust the emission properties via ethynylation or arylation giving star-shaped 
pyrene derivatives,49, 62 or oxidation different position of pyrene through considerable 
oxidant.63 So far, the concept of D-A substitution has rare on pyrene chemistry.  

































Scheme 4  Oxidation pyrene under different condition 
A novel 11-methylbenzo[d]pyreno[4,5-b]furan (BPF) (70) and its self-assembly in water 
have been reported The sin- gle-crystal structure shows that BPF is a conjugated plane 
molecule.   Further investigation of the performance of the bulk state and nanowires in 
OLED devices suggested that the nanowire-based film does show better performance than 
that deposited through drop-coating BPF molecules.64 
Müllen et al. reported the first example of direct bromination and oxidation at the K-region 
of pyrene (71) without the necessity of employing the tert-butyl groups for utilization in 
OFETs devices with excellent hole mobility in 2011,65 Later, the donor and acceptor 
substituents were introduced at pyrene’s K-regions for investigateing the influence of the 
substitution pattern on the frontier orbitals as well as on the molecular packing.66 Bodwell et 
al. reported a regioselective synthesis of 4,5-dialkoxy-1,8-dibromopyrenes (73) with a 
somewhat laborious experimental procedure.67 and Mateo-Alonso et al. reported an elegant 
synthetic route for the preparation of 1, 3, 6, 8-tetraoctylpyrene-4,5,9,10-tetraone (75) by an 
indirect method, that is a new and key building block for the synthesis of soluble 
pyrene-fused azaacenes.68 Sun report the synthesis, optical, and electrochemical properties, 
as well as the organic light-emitting diode (OLED) performance of diazopentacene 
2,7,11,16-tetra-tert-butyldiphenanthro[ 4,5-abc:4’,5’-hij]phenazine (BDPP,76)69 
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Figure 16 Chemical structure of poly pyrene-based derivative 70-76. 
Currently, Müllen et al. released the latest results on 2,7-dibromo- and 
diiodo-pyrene(4,5,8,19)-tetraones (77),70 however, pyrene has a nodal plane passing through 
the C2 and C7 carbon atoms in the HOMO and LUMO, and substitution at the those positions 
has less perturbation on the electronic properties of the pyrene moiety than substituents at the 
1-, 3-, 6-, and 8-positions.5a, 32 I explored a convenient synthetic route for preparing new 
pyrene derivatives as promising organic semiconductor materials. Firstly, bromination at the 
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active sites of 1,3-positions of pyrene afforded the 1,3-dibromo-7-tert-butylpyrene (79) by 
using the tert-butyl group as a protecting group.11 the key intermediate compound was 
synthesized by further oxidized at the K-region of pyrene under ruthenium chloride catalysis. 
This approach offers an available method to functionalize pyrenes at six positions of 
1,3,4,5,9,10 and provides a strategy to prepare new pyrene derivatives such as new 





























Scheme 5 (i) (2a) N-bromosuccinimide, H2SO4, at 45 oC, 2 h, 78%; (2b) N-iodosuccinimide, H2SO4, at 45 oC, 
2 h, 74%; (ii) Na2S2O4, (n-Bu)4NBr, (CH3O)2SO2, KOH, THF, H2O, 40 oC, 1 h, 82%; (iii) THF, Pd2DBA3, 




































Scheme 6 The synthetic routes for the preparation of 80: (a) BTMABr3 (benzyltrimethylammonium tribromide), 
dry CH2Cl2/MeOH, room temp., 12 h, 76%; (b) NaIO4, RuCl3, CH2Cl2/CH3CN, water, room temp., 24 h; (c) 
AcOH, reflux, 12 h, (d) Pd(PPh3)4, toluene, K2CO3, 90 °C, 24 h. 
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2.5 Blue emitting materials and my research purpose 
OLEDs have attracted increasing industrial and academic interest owing to their high 
technological potential for next-generation full-color flat panel displays and solid-state 
lighting. Despite investigations into various organic compounds (such as small molecules, 
conjugated polymers and carbon nanotubes) for OLEDs applications. Recently, to realize the 
full-color OLED displays, the development of efficient and pure red, green and blue emitters 
is necessary. Especially, blue emitters are indispensable for blue organic light-emitting 
devices (B-OLEDS), because it is hard to find an appropriate blue emitting materials higher 
energy gap between highest occupied molecular orbital (HOMO) and lowest unoccupied 
molecular orbital (LOMO), which is needed for blue luminescence. 
Pyrene as a classical member of PAHs has attracted great interest of scientific community, 
not only of their plane structure, but also the excellent fluorescence properties, which widely 
used for application in fluorescence probe and EL material.  
In my thesis, I access a series of various shaped compounds of pyrenes derivatives with 
deep-blue fluorescence properties. Several 4-substituted phenyl groups were successfully 
introduced into the pyrene core at the different positions. Not only does this category of 
materials have great potential in organic materials, such as blue emitters for OLED 
applications, but will also be useful to understand the structure-property relationships of the 
current Y/butterfly-shaped pyrenes derivatives relative to the other arylpyrenes. The results 
show that the structure-property relationships of the donor–acceptor interactions play a curial 
role in determining the thermal, UV-vis absorption, electrochemical behavior, etc. These 
pyrenes possess high solubility, high stability, and highly blue emissions with quantum 
efficiency of up to 70%, and long fluorescence lifetimes in solution. These excellent qualities 
make them very promising for applications in OLED devices. 
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Pyrene-Based Y-shaped Solid-State Blue Emitters: 





A series of pyrene-based Y-shaped blue emitters, namely, 7-tert-butyl-1,3-diarylpyrenes 
4 were synthesized by Suzuki cross-coupling reaction of 7-tert-butyl-1,3-dibromopyrene 
with a variety of p-substituted phenylboronic acids in good to excellent yields. These 
compounds were fully characterized by X-ray crystallography, UV/vis absorption and 
fluorescence spectroscopy, DFT calculations, thermogravimetric analysis, and differential 
scanning calorimetry.  
 
*This work has been published: Feng, Xing; Hu, Jian-Yong; Yi, Liu; Seto, Nobuyuki; 
Tao, Zhu; Redshaw, Carl; Elsegood, Mark R. J.; Yamato, Takehiko Chem. Asian J. 2012, 7, 
2854 – 2863. 




Since pioneering works on small-molecule organic light-emitting devices (OLEDs) were 
reported by Tang et al., OLEDs have attracted increased industrial and academic interest 
owing to their high technological potential for the next-generation full-color flat panel 
displays and solid-state lighting.1–4 Despite of investigations into various organic 
compounds (such as small molecules, conjugated polymers and carbon nanotubes) for 
OLEDs applications, the design and synthesis of blue light-emitting compounds with 
satisfactory multi-functional properties for high-performance OLEDs remains a challenge. 
Moreover, understanding of the underlying structure-property relationship in such systems 
is a topic of on-going interest. 
Pyrene is one of the classical polycyclic aromatic hydrocarbons (PAHs), with a high 
fluorescence (FL) quantum yield in solution and efficient excimer emission.5-8 The 
tendency of pyrene and its derivatives to form excimers has been widely used in 
supramolecular design and for probing the structural properties of macromolecular systems. 
The excimer FL of pyrene and its derivatives has also been employed to detect guest 
molecules9 and sense environmental parameters.10 However, because the formation of 
-aggregates/excimers leads to an additional emission band at a longer wavelength and 
quenching of FL with low FL quantum yields at high concentration or in the solid state, the 
use of pyrene and its derivatives as red–green–blue (RGB) emitters in OLEDs applications 
is still rather limited. To suppress the formation of pyrene dimers, many types of butterfly- 
and star-shaped molecules based on pyrene have been designed and synthesized for organic 
optoelectronic applications. Since the first example of p-type organic field-effect transistors 
(OFETs) based on butterfly-shaped pyrene-type molecules was reported by Zhu and 
co-workers,11 pyrene-based star-shaped organic semiconductors have been prepared for 
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optoelectronic devices, such as OLED applications. For instance, Sonar and co-workers12 
prepared 1,3,6,8-tetraarylfunctionalized pyrenes for applications in solution-processed 
organic electronic devices and the 1,3,6,8-tetrakis (4-butoxyphenyl) pyrene derivative as the 
active emitter showed high efficiencies with deep blue emission, low turn-on voltages and a 
maximum brightness. Thomas and co-workers developed new blue- to yellow-emitting 
materials by incorporating fluorene-based chromophores on pyrene core with acetylene 
linkage and using multifold palladium-catalyzed cross-coupling reactions.13 Both mono- and 
tetra-substituted alkynylpyrenes were tested as emitting dopants with host material 
4,4′-bis(9H-carbazol-9-yl)biphenyl (CBP) in a multilayered OLEDs and exhibited bright 
blue or yellow electroluminescences. Chow and co-workers14 also developed a series of 
sterically inhibited, ð-stacked, 1,3,6,8-tetraarylpyrenes which were explored as 
blue-emitting materials in OLEDs. Kim with his co-workers15,16  investigated the 
two-photon absorption properties and charge transfer (CT) dynamics of a series of covalently 
linked N,N-dimethylaniline (DMA) and pyrenyl derivatives. Kang and co-workers17 
explored a series of deep blue dopants through Buchwald-Hartwig coupling reaction with 
N-phenyl-p-(R)-phenylamines and 1,6-dibromopyrene, here the emission colors can be 
controlled by introducing electron-donating or -withdrawing R groups. Sankararaman and 
co-workers18 reported a pyrene octaaldehyde derivative that showed aggregation through 
strong ð∙∙∙ð and C-H∙∙∙ð interactions in solution and in the solid state. Spectroscopic 
evidence suggested that the sum of the multiple ð∙∙∙ð and C-H∙∙∙ð interactions could become 
significant, and might have influence the optical properties of materials.  Gopidas and 
Suneesh19 examined the photo-induced electron-transfer processes in a 1, 
6-bis(phenylethynyl) pyrene-phenothaiazine dyad (BPEP-PT) by using various techniques. 
In addition to these star-shaped 1,3,6,8-tetra-substituted pyrenes, Müllen’s group recently 
reported a remarkable poly-7-tert-butyl-1,3-pyrene20,21 as an effective blue emitter for 
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OLEDs applications, in which the tBu group played an important role for supressing the 
undesirable π-stacking interactions in the solid-state. On the other hand, similar Y-shaped 
pyrene derivatives were synthesized for investigating intramolecular excimer formation and 
dalayed FL in triplet-triplet annihilation.22 Recently, to inhibit undesirable face-to-face 
π-stacking in solution and in the solid state, Yamato group reported two types of cruciform- 
and hand-shaped alkynyl-functionalized π-conjugated pyrenes.23,24 Single-crystal X-ray 
analysis indicated the bulky tBu group in the pyrene rings at the 2,7- or 7-position played a 
key role in inhibiting the π-stacking interactions between neighboring pyrene units. 
Moreover, the multiple conjugation pathways could also be pivotal in creating interesting 
optoelectronic properties. Here, I report the synthesis, characterization and photophysical 
properties of a series of Y-shaped aryl-functionalized pyrenes. The aim of mine study is 
twofold as follows: 1) to investigate the relationship between molecular structure and 
photophysical properties; and 2) to explore how the substituted donating or accepting groups 
at the para position of the benzene ring opposite to the tBu group affect both the crystal 
packing and the photophysical properties. 
3.2 Results and Discussion 
3.2.1 Synthesis 
According to previous reports, 7-tert-butyl-1,3-dibromopyrene (3)20,21 can be synthesized 
from 2-tert-butylpyrene (2) with Br2 at temperatures below -78 oC. However, the reaction 
conditions are hard to control, and complex byproducts are formed. Although the tBu groups 
can be preferably used to obtaining the 1,3-dibromopyrene selectively, electrophilic 
substitution of pyrene can occur at other positions, such as the 5- or 5,9- positions, by 
formylation and acetylation.25 Futhermore, the use of two tBu groups (i.e. at 2- and 7- 
positions) allows substitution at the 4-, 5-, 9-, and 10-positions of the pyrene molecule to 
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occur.26,27 Herein, I reported new milder conditions for the bromination of 2 and the synthetic 
route is shown in Scheme 1. Pyrene was first mono-tert-butylated to afford the 
2-tert-butylpyrene (2), which was then treated with BTMA Br3 (3.5 equivalents) in dry 
CH2Cl2 at room temperature to give the desired 1,3-dibromopyrene 3 in good yield (76%). 
The 7-tert-butyl-1,3-bisarylpyrenes 4 were synthesized from dibromide 3 with the 
corresponding arylboronic acid by Suzuki cross-coupling reaction in good to excellent 
yields. 
The chemical structures of the compounds 4 were confirmed by X-ray diffraction, 1H/13C 
NMR spectroscopy, FTIR spectroscopy, MS, and elemental analysis (EA). 
 
Scheme 1 Synthesis of pyrene derivatives 4a-4f. 
All results were consistent with the formation of the expected Y-shaped arylpyrenes 4. 
All compounds are very soluble in common organic solvents, such as CH2Cl2, CHCl3, 
tetrahydrofuran (THF), and toluene. The thermal properties of 4 were investigated by 
thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) 
measurements. The decomposition temperatures (Td) of the pyrenes 4a–f were in the range 
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173372C (Figure 1) corresponding to a 5% weight loss. The key thermal data for these 
pyrenes are summarized in Table 2. 
 
Figure 1 TGA curve of compound 4 under N2 atmosphere. 
3.2.2 X-ray crystallography 
Attempts to prepare crystals of 4b and 4e suitable for X-ray crystallography were 
unsuccessful; however, crystals of 4a, 4c, 4d and 4f were obtained by slow evaporation of a 
mixture of dichloromethane/hexane at room temperature. Key crystallographic data are 
listed in Table 1; crystal structures of each molecule are shown in Figure 2. 
The crystal structures of 4a, 4c, 4d and 4f (Figure 2) are characterized by 2D layered 
structures involving C-H···π bonds, π–π interactions and hydrogen bonds. Although the 
terminal moieties are different, their architectures are amostly identical to each other. 
However, some differences were found between 4f and the others. Thus, I will describe the 
crystal structures in detail and attempt to interpret the effect of the molecular structure on 
the optical properties. 
Compound 4a crystallizes in the triclinic crystal system with space group P-1, whereas 
compounds 4c, 4d and 4f in the monoclinic crystal system (space group: P21/c 1 for 4c and 
4d, P2(1)/c  for 4f). In the crystals, the terminal moieties adopt a resonably twisted 
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conformation, with a dihedral angle (torsion angle) relative to the pyrene core falling in the 
range 44.2–79.0° for 4a, 46.7–56.6° for 4c, 52.9–54.7° for 4d and 38.8–43.6° for 4f. The 
torsion angles between the central pyrene ring and the terminal aryl groups in the present 
structures are less than that in the crystal structure of 1,3,6,8-tetrakis(2,4,6-trimethylphenyl) 
pyrene (86.2–88.2°),10 which suggests that the terminal aryl groups do not contribute 
effectively toward suppressing intermolecular interaction in the solid state. 
Yamato et al. previous reports have shown that the bulky tBu groups substituted at the 
2,7- or 7-positions of pyrene ring can play a crucial role in pyrene systems.24,25 On one hand, 
the sterically bulky tBu groups were used to suppress undesirable face-to-face π- stacking 
in solution and the solid state. On the other hand, the electron-donating tBu group can also 
be of benefit for making the wavelength of absorption and FL emission less 
bathochromically shifted. Moreover, these twist angles with steric hindrance between the 
pyrene core and the terminal chromophore groups can effectively hinder the tight 
intermolecular packing in the solid state. 
 
Figure 2 X-ray structures of compounds 4a, 4c, 4d and 4f. Displacement ellipsoids are drawn at the 50 % 
probability level; Hydrogen atoms are omitted for clarity. 
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Table 1 Summary of crystal data of Y-shaped molecules of 4a, 4c, 4d, 4f and 5 
Complex 4a 4c 4d 4f 5 
Empirical formula C32H26 C34H30O2 C34H24N2 C34H26O2 C42H38O8 
Formula weight 410.53 470.61 460.58 466.55 670.72 
Crystal system triclinic monoclinic monoclinic monoclinic orthorhombic 
Space group P-1 P 1 21/c 1 P 1 21/c 1 P2(1)/c  Pnma 
a[Å] 9.937(9) 18.815(14) 9.933(8) 16.8067(13) 13.298(5) 
b[Å] 12.976(11) 15.629(11) 14.177(11) 15.1341(12) 31.064(12) 
c[Å] 19.018(17) 8.851(6) 17.386(13) 9.7272(8) 8.702(3) 
α[º] 100.097(10) 90.00 90.00 90.00 90.00 
β[º] 93.575(10) 103.255(9) 100.539(12) 102.9103(13) 90.00 
γ[º] 105.895(10) 90.00 90.00 90.00 90.00 
Volume[Å3] 2306(4) 2533(3) 2407(3) 2411.6(3) 3595(2) 
Z 4 4 4 4 4 
Dcalcd[Mg/m3] 1.183 1.234 1.271 1.285 1.239 
temperature [K] 293(2) 123 123 150(2) 100(2) 
unique reflns 7951 5722 5427 6805 4204 
obsd reflns 4110 4734 4856 5331 2585 
parameters 578 330 328 328 252 
R(int) 0.0415 0.0640 0.0526 0.0287 0.0932 
R[I> 2σ(I)][a] 0.0683 0.1034 0.0897 0.0453 0.0975 
wR2[all data][b] 0.2085 0.3036 0.2204 0.1325 0.3173 
GOF on F2 1.009 1.186 1.227 1.043 1.068 
[a] Conventional R on Fhkl: Ó||Fo| – |Fc||/ó|Fo|. [b] Weighted R on |Fhkl|2: Ó[w(Fo2 – Fc2)2]/Ó[w(Fo2)2]1/2 
In compound 4a, the molecules packing in a herringbone motif as shown in Figure 3. 
Two neighboring pyrene moieties are present with displaced face-to-face patterns 
possessing a centroid to centroid distance of 5.52 Å and a slide angle of 28.1°, indicative of 
the existence of π–π interactions. Furthermore, there are three kinds of short C-Hπ 
(C61-H61C18 = 2.96 Å, C55-H55C21 = 3.34 Å and C54-H54C24 = 3.21 Å) 
noncovalent interactions present in the stacking structures. Arising from strong interactions 
of the phenyl ring interaction with the adjacent pyrene core by (C61-H61C18 = 2.959 Å 
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and ∠C61-H61-C18 = 157.2°), the terminal phenyl moieties are almost perpendicular to 
each other with an angle of 79.0° between the phenyl ring and the pyrene core. 
 
Figure 3 The crystal packing diagram of 4a viewed down the a-axis. 
Dark yellow single crystals of compound 4d were obtained by recrystalization from a 
mixture of dichloromethane and hexane. The molecular structure of 4d is planar (Figure 4), 
and the packing structure reveals a herringbone motif, with neighboring molecules 
exhibiting cofacial π–π stacking along the a axis with an intermolecular distance of 3.559 Å 
(centroid-to-centroid distance 5.111 Å). 
 
Figure 4 The crystal packing diagram of 4d viewed down a-axis. 
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Furthermore, the neighboring molecules were also linked by a C-Hπ interaction 
between the phenyl hydrogen and pyrene ring at a distance of 2.728 Å. For comparison of 
4a and 4c, the pyrene moieties of 4d were more parallel to each other, and the distance of 
intermolecular interactions between neighboring molecules was longer than described 
above. Because electron- withdrawing cyano groups (CN) are present, the charges were 
completely delocalized between the phenyl ring and the CN group via an odd-numbered 
C(sp2), and the extended π-conjugation is beneficial for decreasing the density of electronics 
in this system. Generally speaking, pyrene ring is a rich electronic moiety as a donating 
group, due to the cyano group presence, the electron delocalized from pyrene ring to phenyl 
ring moiety, so The positive electrostatic force of the peripheral rings enlarged the distance 
of cofacial π–π stacking between two pyrene cores. In addition, an infinite supermolecular 
chain was assembled via these C32≡N31—H34 contacts of 2.597 Å. The distance is 
shorter than cyano--halogen interactions previously reported.28 
Figure 5 shows the crystal packing for compound 4f. Each molecule is arranged in a 
regular offset geometry with C-Hπ (C25- H25C1 = 2.88 Å, C34-H34C9 = 2.85 Å and 
C21-H21C28 = 2.68 Å) and hydrogen bond (C22-H22O1 = 2.86 Å) noncovalent 
interactions along the c-axis. The distance between pyrene centroids in neighboring 
molecules is 5.79 Å, which means that the stacking interactions between the pyrene 
moieties are rather weak. Compared with 4a, 4c and 4d, possessing the 
electron-withdrawing aldehyde groups, the molecular structure of compound 4f is more 
planar with a smaller torsion angle between the phenyl group and the pyrene core; this 
increases π-conjugation and delocalization of the electron density, which can be explained in 
terms of the the noncovalent interaction between the pyrene rings that could lead to strong 
cooperative effects.29 




Figure 5 The crystal packing diagram of 4f viewed parallel to the c-axis. 
3.2.3 Photophysical properties 
The photophysical properties of the compounds 4 were examined both in 
dichloromethane solution and as films. All spectral data are summarized in Table 2. The 
UV/vis absorption spectra for 4, recorded in dichloromethane solutions, are shown in 
Figure 6 and 7. 
Compounds 4a−f exhibit similar absorption behaviour and two prominent absorption 
bands were observed in the regions λ=280–295 nm and 360375 nm. The short wavelength 
absorption located at λ=280–295 nm revealed a vibronic feature for the unsubstituted parent 
pyrene, and the higher energy absorption was associated with the intramolecular π-π* 
transition. This absorption behaviour is related to that observed for similar molecular 
structures with pyrene as the core. More interestingly, the absorption bands for compound 
4f are broader and larger red-shift was observed at λmax of 293 nm and 372 nm. This was 
thought to be due to extended delocalization of the π electrons over a large area of the 
molecule, which was expected to broaden the absorption band and increase optical 
density.30 The intensities of the absorption bands exhibited the following orders of CHO > 
CN > CF3 > OMe > t-Bu > H. 
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Table 2 Photophysical and electrochemical properties of Y-shaped molecules 4a–4f. 
Y-shaped 
Molecule 
max abs (nm) 
Solns[a]/films[b] 












4a 360 368 396 (291) 452 (290) 4.54 36 84 0.38 / 0.42 186 322 
4b 363 369 400 (292) 451 (290) 4.54 37 82 0.50 / 0.64 263 330 
4c 362 372 402 (292) 450 (285) 4.51 40 78 0.56 / 0.58 167 173 
4d 365 375 421 (291) 474 (288) 4.49 56 99 0.78 / 0.68 282 371 
4e 360 370 403 (291) 456 (289) 4.52 43 86 0.67 / 0.69 215 287 
4f 372 382 484 (291) 482 (293) 4.46 112 100 0.76 / 0.48 178 372 
5 363 -- 400 (292) -- 4.53 37 -- -- 214 -- 
[a] Maximum absorption wavelength measured in dichloromethane at room temperature. [b] Measured in thin neat films. [c] the values in 
the parenthesis are Excitation wavelength. [d] Measured in dichloromethane and in neat thin films, respectively. [e] Melting temperature 
(Tm) obtained from differential scanning calorimetry (DSC) measurement. [f] Decomposition temperature (Td) obtained from 
thermogravimetric analysis (TGA). 
 
 
Figure 6 (a) Normalized UV-vis absorption and (b) emission spectra of compounds 4a–f recorded in 
dichloromethane at ca. ~10–5–10-6 M at 25 °C. down) Compound 4a-4f inhabits blue fluorescence in 
dichloromethane solvents at about ~10-3 M and 25 °C. 
To further investigate the photophysical properties, the FL emission spectra for the 
compounds 4 (Figure 6b) revealed that all pyrene derivatives emitted deep blue emissions 
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in the region of 370450 nm, without observing any extra tailing absorption up to 600 nm; 
the exception was 4f. All of the Y-shaped compounds exhibit bright-blue FL emissions even 
at concentrations as low as 10-6 M, Compounds 4a, 4b, 4c, 4d and 4e exhibited a similar 
emission model, with band maxima located at 396, 400, 402, 421 and 403 nm in CH2Cl2 
solvent, respectively. In the thin film, the emission absorption bands of 4 are much 
red-shifted ac. 4856 nm relative to those in solution. (e.g. λem = 452 nm for 4a, 451 nm for 
4b, 450 nm for 4c, 474 nm for 4d and 456 nm for 4e; Figure 7b). 
 
Figure 7 (a) Normalized UV-vis absorption and (b) emission spectra of 4a–4f in thin neat films. 
This was consistent with the phenomenon observed in the absorption spectra and ascribed 
to the effect of the substitutents and the intramolecular formations the similar Y-shaped 
pyrene derivatives. Additional, the terminal substituents of arylphenyl at the 6,8-position 
should barely hinder intermolecular interaction in the solid state owing to the small twist 
angle between the phenyl moieties and the pyrene core. However, the emission spectrum of 
4f exhibits a permanent broad absorption band with the max emission peaks at 421 nm and 
484 nm, which suggests that there are strong intermolecular interactions occurring in solution. 
Clearly, the bathochromic shift of the 4f FL λmax was larger than those for the compounds 
4a, 4b, and 4c. This can be ascribed to the terminal aldehyde groups, which can enlarge the 
ð-conjugation length of the pyrene derivatives. Furthermore, the effects of concentration on 
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the FL emissions of 4 were examined in CH2Cl2. Upon increasing the concentration from 3.0 
 10-8 M to 5.0  10-4 M, the intensities of the emission band gradually increased and only the 
maximum absorption peaks for the monomer were observed without extra excimer emission. 
This evidence suggested that the attachment of the single bulky tert-butyl group at the 
7-position could prevent two Y-shaped molecules from getting close enough to result in the 
excimer emission at high concentration and in the solid state. The quantum yield values, f 
values of 4 (Table 2) were recorded in solution (from 0.38 to 0.87) and in thin film (from 0.42 
to 0.69). In contrast, the PL spectrum of 4f is about 2 nm blue shifted in the solid state (≈482 
nm) compared to that of the FL emission observed in solution (≈484 nm). The emission 
maxima of the films are located in similar regions to those observed in dichloromethane and 
tetrahydrofuran solution. The phenomenon suggests that the dielectric constant of compound 
4f in the solid film lies close to that in tetrahydrofuran and is less than that in 
dichloromethane.31,32 
The effects of solvent were investigated by using cyclohexane, THF, CH2CH2, CH3CN, 
and N,N-dimethylformamide (DMF). The emission maxima of 4a–4c with the donating 
electronic groups, were slightly shifted by up to 5 nm depending on the solvent polarity. 
However, for compounds 4d–4f with electron-withdrawing groups, the solvent dependence 
in the emission spectra is remarkable, with large bathochromic shifts of 25 nm for 4d, 10 nm 
for 4e and 75 nm for 4f, respectively (Figure 8). Figure 8a shows the normalized UV/Vis 
absorption and FL spectra for compound 4f in various solvents. Because of the presence of 
CHO moieties, the absorption spectra of compound 4f does not show any clear change, 
whereas the emission spectrum exhibits a more significant redshift in polar solvents than in 
nonpolar solvents from cyclohexane to DMF. This solvatochromism can be attributed to the 
decease in the energy of the singlet excited states as a function of increasing in the polarity 
of the solvents33. (Figure 9) 





Figure 8 (a) Normalized UV-vis absorption and (b) emission spectra of 4f in cyclohexane, THF, CH2Cl2, 
CH3CN and DMF at 25 °C. down) c) Compound 4f inhabits blue fluorescence in five different solvent at about 
~10-3 M and 25 °C. 
 
Figure 9 Lipper-Mataga plots for compounds 4f A: cyclohexane; B: THF; C: dichloromethane; D: acetonitrile; 
E: DMF (values of ε and n were obtained from34.) 
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More importantly, the FL emission colors in solution strongly depended on the polarity 
of the solvents; for example, in cyclohexane, the FL of solution is deep blue, whereas in 
CH2Cl2, DMF or CH3CN it is sky-blue (Figure 8). I have also used a Lippert–Mataga plot to 
determine the line relationship of Stokes shift (Δνst) against the solvent parameter Δf(ɛ, n)35 
(Figure 9). 
 
Scheme 2 Synthetic route to the compound 5. 
To investigate the effects of the bulky block substitution groups in the pyrene ring on the 
geometric arrangements and the photophysical properties, I further prepared the compound 
5 from 4f. This was achieved by an addition reaction with ammonium acetate (yield: 19 %), 
in which two acetate groups were introduced at the para position of the benzene rings in the 
Y-shaped architecture to extend the terminal substitution group chains (Scheme 2). 
The chemical structure of 5 was initially determined on the basis of EA and spectral data. 
The 1H NMR spectrum of 5 in CDCl3 shows a singlet at δ=2.20 ppm for the methyl protons, 
a singlet at δ=7.71 ppm for the aromatic protons, and a singlet at δ=7.82 ppm for the 
methine protons. These data strongly supports the proposed structure of 5 (Figure 10). A 
suitable crystal of 5 was obtained from a solution in a mixture of dichloromethane and 
acetone (1:1) by slow evaporation at room temperature. Low-temperature X-ray diffraction 
analysis revealed that compound 5 crystallises in the orthorhombic space group Pnma 
(Figure 11). 




Figure 10 1H-NMR spectrum (300MHz, 293K, * CDCl3) for 5. 
 
Figure 11 X-ray single-crystal structure of the compound 5. Displacement ellipsoids are drawn at the 50% 
probability level; Hydrogen atoms are omitted for clarity. 
The asymmetric unit consists of half the molecule, which lies on a mirror plane, with the 
terminal acetate units adopting a branch shape at the para position of each C6H4 aromatic 
ring. The torsion angle between the pyrene and C6H4 ring is 65.13°. The molecules of 5 
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adopt a 1D, slipped, face-to-face motif with off-set head-to-tail stacked columns, which 
contrasts with the herringbone structures observed for 4a, 4c, 4d and 4f. The tBu group is 
involved in a C-Hπ (C18-H18C10) interaction with an intermolecular distance of 2.71 
Å. There is some two-fold tBu group disorder with occupancy ratio 0.5:0.5 for C18, C19 
and C20. However, there is no π-stacking in this structure (Figure 12), and this crystal 
structure demonstrates how the presence of the bulky tBu group and an acetate group at the 
para position of the C6H4 rings can preclude the herringbone and stacking motifs found in 
most PAHs structures.36 
 
Figure 12 Crystal packing view of 5 along y-axis. 
The photophysical properties of compound 5 were investigated in dichloromethane. The 
UV/Vis absorption spectra of 5 have a sharp π-π* transition centered at about 363 nm 
(Figure 13). The longest wavelength π-π* band of 5 was hypsochromic shifted by about 9 
nm in comparison to 4f. This shift was due to the extended terminal acetate units was 
replaced the carbaldehyde group of 4f, thus saturating the sp2 carbon to a sp3 carbon centre, 
which cut the LUMO-stabilizing donor-acceptor conjugation of 4f. Similarly, the FL 
emission bands of 5 were also hypsochromic shifted by about 76 nm in comparison to that 
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of 4f. The results demonstrated the presence of the tBu group and extending the substituent 
chain efficiently suppressed π stacking in the structure and effectively influence the 
photophysical properties. 
 
Figure 13 Normalized UV-vis absorption and emission spectra of 4f and 5 in dichloromethane at ca. 
~10–5–10-6 M at 25 °C. 
3.2.4 Quantum Chemistry Computation 
To obtain insight into the electronic structure of these aryl-functionalized pyrenes, DFT 
calculations (, B3LYP/6–31G* basis set) were performed on 4a–4f with the Gaussian 03W 
(Revision C.02) software package.[37] The energies of the HOMO and LUMO levels for these 
compounds are collected in Table 3. The frontier orbital energies remain similar for all of the 
compounds; that indicate that the frontier orbitals are derived from the pyrene moieties in all 
compounds. The important of donor group on the pyrene ring is also attributed the 
low-energy band, which allows a charge transfer (CT) transition between pyrene and phenyl 
segments. The HOMO-LUMO (H-L) energy gap (∆E) of all of the compounds were 
calculated to be in the range 3.32 eV to 3.54 eV (Figure 14), which was consistent with the 
first energy transition (350375 nm).  
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Table 3 Computed Frontier Orbital Energies for Y-shaped compound 4a–4f. 











Measured [c] max 
(nm) 
4a -1.55 -5.09 3.54 -5.44 -2.20 3.24 360 
4b -1.47 -5.01 3.54 -5.48 -2.28 3.20 363 
4c -1.41 -4.93 3.32 -5.44 -2.27 3.17 362 
4d -2.20 -5.61 3.40 -5.69 -2.62 3.07 365 
4e -1.90 -5.44 3.51 -5.67 -2.51 3.16 360 
4f -2.15 -5.47 3.54 -5.67 -2.69 2.98 372 
5 -1.69 -5.22 3.53    363 
[a] Calculated from the empirical formulae HOMO=-(Eox+4.8),  [b] LUMO=HOMO+Eg, [c] Eg estimated from 
UV-vis absorption spectra. [c] Maximum absorption wavelength measured in dichloromethane at room 
temperature. 
Calculation of the theoretical max absorption values was consistent with the experimental 
values (360–372 nm). Similarity in the H-L energy gaps for these compounds suggested that 
the HOMO and LUMO are mainly comprised of the same pyrene-core segment. The twist 
angle between the pyrene and phenyl group was also affected by the para substituents and 
followed the order CHO < CN < tBu < OMe < CF3 < H (based on optimized structural data). 
The compounds are more planar with a smaller torsional angle, leading to extended 
delocalization of the π electrons over a large area of the molecule. The interplanar distance 
between the pyrene core is longer, so that the π–π interactions are weakened by the 
substituents, thus broading the absorption band and increasing the optical density, leading 
to stronger solid-state FL emission. 
In addition, when investigating the effect of solvent polarity in cyclohexane, THF, 
CH2Cl2, CH3CN and DMF, Only the compounds 4d and 4f exhibit reasonable 
solvatochromism in the excited state. This suggests that the peripheral 
electron-withdrawing groups, such as CHO (4f) and CN (4d), are necessary to impart CT 
character on the molecule. There results are in good agreement with the DFT calculations. 
Furthermore, I also investigated the electrochemical characteristics of the pyrenes 
derivative 4 by cyclic voltammetry (CV). The pyrenes were scanned positively and 
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negatively, separately, in 0.10 M tetrabutylammonium perchlorate (Bu4NClO4) in 
anhydrous dichloromethane and THF with a scan rate of 100 mV·s−1 at room temperature. 
All compounds 4 showed quasireversible or reversible processes, (Table 5). 
Table 5 Electrochemical properties of 4 
Compound Eox1/2 Eoxonset Eox (Fc)onset HOMO LUMO Eg 
4a 1.57 1.29 0.65 -5.44 -2.20 3.24 
4b 1.52 1.36 0.68 -5.48 -2.28 3.20 
4c 1.43, 1.83 1.30, 1.68 0.66 -5.44 -2.27 3.17 
4d 1.71 1.53 0.64 -5.69 -2.62 3.07 
4e 1.70 1.52 0.65 -5.67 -2.51 3.16 
4f 1.67 1.53 0.66 -5.67 -2.69 2.98 
Eox1/2 is half-wave potentials of the oxidative waves, Eoxonset is the onset potentials of the first oxidative wave, 
with potentials versus Fc/Fc+ couple. HOMO and LUMO energy levels were calculated according to 
equations: HOMO = - (4.8 + Eoxonset) and LUMO =HOMO+Eg. Eg: estimated from UV-vis absorption spectra. 
 
Figure 14 Schematic representations of HOMO-1, HOMO, LUMO, and LUMO+1 of 4 and 5. 
Especially, the compound 4c in CH2Cl2 showed a quasireversible oxidation wave with 
half-wave potentials (Eox1/2) at 1.43 and a irreversible oxidation wave at high oxidation 
potential 1.83 V (vs Fc/Fc+) (see table S3). The HOMO and LUMO energy levels were 
evaluated by empirical formulae HOMO = -(Eox+4.8), from the onset of the first oxidation. 
LUMO=HOMO-Eg, and the optical energy gap derived from lowest energy absorption 
onset in the absorption spectra, respectively, and the values were listed in Table 3, the 
experiment data is well corresponding with the theory calculate. 




Herien, I have synthesized a series of Y-shaped pyrene-based, solid-state blue emitters by 
a Suzuki cross-coupling reaction using 1,3-dibromo-7-tert-butyl pyrene in good to excellent 
yields. For the five crystal structures studied herein, the results revealed the effects of the 
substituent groups on the structures. Substitution at the p-positions of the benzene rings of 
the Y-shaped molecules can change the crystal structure and crystal packing array. 
Depending on the electron-donating or -accepting groups and the chain of the group, the 
Y-shaped arylpyrenes exhibit stable, good solubility and remarkable blue photophysical 
properties. Compounds 4a and 4c with electron-donating groups exhibited shifted 
face-to-face patterns with a sliding angle. In compounds 4d and 4f, the electron-accepting 
groups, namely cyano and aldehyde groups, enlarge the π-conjugation length, and lead to 
delocalization of electron density, and given that the phenyl moieties twist with small 
angles, the trend is to form co-facial π–π stacking between adjacent pyrene cores. 
Compound 5 with longer and flexible teminal moieties effectively suppresses the π–π 
stacking and takes the emission band into the deep-blue region. Thus, on the basis of their 
excellent photophysical properties, the compounds 4 and 5 have high blue fluorescence 
emissions with high quantum efficiencies, good solubilities in common organic solvents 
and high stabilities, all them make potentially useful as blue emitters for OLED 
applications. 
3.4 Experimental Section 
General 
All melting points (Yanagimoto MP-S1) are uncorrected. 1H NMR spectra (300 MHz) were recorded on a 
Nippon Denshi JEOL FT-300 NMR spectrometer with SiMe4 as an internal reference: J-values are given in 
Hz. IR spectra were measured for samples as KBr pellets in a Nippon Denshi JIR-AQ2OM spectrophotometer. 
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UV-vis spectra were recorded on a Perkin Elmer Lambda 19 UV/VIS/NIR spectrometer. Mass spectra were 
obtained on a Nippon Denshi JMS-01SA-2 spectrometer at 75 eV using a direct-inlet system. Elemental 
analyses were performed by Yanaco MT-5. Gas–liquid chromatograph (GLC) analyses were performed by 
Shimadzu gas chromatograph, GC-14A; silicone OV-1, 2 m; programmed temperature rise, 12°C min-1; 
carrier gas nitrogen, 25 mL min-1. Elemental analyses were performed by Yanaco MT-5.  
Materials 
According to the reported method, 7-tert-butyl-1,3-dibromopyrene (3)[20] was synthesized from 
2-tert-butylpyrene[38]  with Br2 under low temperature, the reaction conditions were hard to control to avoid 
the formation of complex by-products, so new milder conditions were explored and are shown in Scheme 1, 
Pyrene was first mono-tert-butylated to afford 2-tert-butylpyrene (2), which was then treated with BTMABr3 
(benzyltrimethylammonium tribromide) (3.5 equivalents) in dry CH2Cl2 at room temperature to provide the 3 
in 76 % yield.  
Synthetic Procedures 
Synthesis of 2-tert-Butylpyrene (2)  
A mixture of pyrene 1 (5 g, 24.2mmol) and 2-chloro-2-methylpropane (2.62 g, 3.23 mL) was added in 40 
mL of CH2Cl2 at 0°C and stirred for 15min. Powdered anhydrous AlCl3 (3.62 g, 27.2 mmol) was slowly added 
to a stirred solution. The reaction mixture was continuously stirred for 3h at room temperature and the 
reaction process was tracked by GC, then poured into a large excess of ice/water. The reaction mixture was 
extracted with dichloromethane (2  50 mL). The combined organic extracts were washed by water and brine, 
dried with anhydrous MgSO4 and evaporated. The residue was crystallized from hexane to afford pure 
2-tert-butylpyrene (4.56 g, 71 %) as a gray powder. Recrystallization from hexane gave 2 as colorless prisms. 
M.p. 111.5–113.2°C (lit.[36] M.p. 110–112°C). The 1H NMR spectrum completely agreed with the reported 
values. 1H NMR (300 MHz, CDCl3): δH = 1.59 (s, 9H, tBu), 8.18 (d, J = 9.2 Hz, 2H, pyrene-H), 8.30 (s, 2H, 
pyrene-H), 8.37 (d, J = 9.2 Hz, 2H, pyrene-H), 8.47 (s, 1H, pyrene-H). 
Synthesis of 7-tert-Butyl-1,3-dibromopyrene (3)  
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To a mixture of 2-tert-butylpyrene 2 (2.58 g, 1 mmol) and CaCO3 (2 g, 20 mmol) in CH2Cl2 (30 mL) was 
added dropwise a solution of BTMABr3 (benzyltrimethylammonium tribromide) (4.41 g, 3.5 mmol) in 
CH2Cl2 (20 mL) at 0°C for 1 h under argon atmosphere. The resulting mixture was allowed to slowly warm 
up to room temperature and stirred overnight. The reaction mixture was poured into ice-water (60 mL) and 
neutralized with an aqueous 10 % Na2S2O3 solution. The mixture solution was extracted with 
dichloromethane (2  50 mL). The organic layer was washed with water (2  20 mL) and saturated brine (20 
mL), and then the solution was dried (MgSO4) and condensed under reduced pressure. The crude compound 
was washed with hot hexane to afford pure 7-tert-butyl-1,3-dibromopyrene 3 (3.02 g, 76 %) as a colourless 
solid. Recrystallization from hexane gave 3 as a gray solid, M.p. 199.5–201.2°C.  
Synthesis of 1,3-Bisaryl-7-tert-butylpyrenes (4) 
A series of compounds 4a–4f was synthesized from 7-tert-butyl-1,3-dibromopyrene with the corresponding 
arylboronic acid by a Suzuki coupling reaction in high yield. 
A mixture of 7-tert-butyl-1,3-dibromopyrene 3 (200 mg, 0.5 mmoL), 4-formylphenylboronic acid (300 mg, 
2.0 mmoL) in toluene (12 mL) and ethanol (4 mL) at room temperature was stirred under argon, and K2CO3 
(2 M, 20 mL) solution and Pd(PPh3)4 (70 mg, 0.06 mmol) were added. After the mixture was stirred for 30 
min. at room temperature under argon, the mixture was heated to 90C for 24 h with stirring. After cooling to 
room temperature, the mixture was quenched with water, extracted with CH2Cl2 (3  100 mL), washed with 
water and brine. The organic extracts were dried with MgSO4 and evaporated. The residue was purified by 
column chromatography eluting with (CH2Cl2/hexane,1:1) to give 4f as a white solid. Recrystallization from 
(CH2Cl2/hexane, 1:1) gave    7-tert-butyl-1,3-bis(4-formylphenyl)pyrene 4f (166 mg, 71 %) as light green 
powder. M.p. 178°C; IR (KBr): max = 2960, 1699, 1602, 1564, 1462, 1388, 1360, 1306, 1207, 1167, 877, 843, 
841, 822, 729, 602, 517 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.60 (s, 9H, tBu), 7.85 (d, J = 7.9 Hz, 4H, 
Ar-H), 7.92 (s, 1H, pyrene-H2), 8.09 (d, J = 6.9 Hz, 4H, Ar-H), 8.11–8.14 (m, 4H, pyrene-H4,5,9,10), 8.27 (s, 
2H, pyrene-H6,8), 10.16 ppm (s, 2H, CHO); 13C NMR(75 MHz, CDCl3):  = 191.9, 149.8, 147.3, 135.6, 135.3, 
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131.3, 131.0, 129.8, 128.8, 128.2, 125.3, 124.3, 123.1, 123.0, 35.3, 31.9 ppm; MS: m/z 466.2 [M]+; elemental 
analysis calcd. (%) for C34H26O2 (466.0): C 87.52, H 5.62; found: C 87.21, H 5.56. 
A similar procedure using phenyl boronic acid, 4-tert-butylphenylboronic acid, 4-methoxyphenylboronic 
acid, 4-cyanophenylboronic acid and 4-trifluoromethylphenylboronic acid was followed for the synthesis of 
4a–4e. 
7-tert-Butyl-1,3-diphenylpyrene (4a) was obtained as white prisms (CH2Cl2/hexane, 1:2) (124 mg, 63 %). 
M.p. 186°C; IR (KBr): max = 2958, 2900, 2866, 1766, 1597, 1484, 1462, 1442, 1396, 1360, 1227, 1151, 875, 
837, 810, 764, 702, 613, 503, 457 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.59 (s, 9H, tBu), 7.44–7.69 (m, 
10H, Ar-H), 7.94 (s, 1H, pyrene-H2), 8.01 (d, J = 9.2 Hz, 2H, pyrene-H4,10)), 8.18 (d, J = 9.2 Hz, 2H, 
pyrene-H5,9), 8.20 ppm (s, 2H, pyrene-H6,8); 13C NMR(75 MHz, CDCl3):  = 149.2, 141.1, 137.1, 131.2, 130.6, 
129.0, 128.3, 127.8, 127.6, 127.2, 125.3, 125.1, 123.4, 122.2, 35.2, 31.9 ppm; MS: m/z 410.2 [M]+; elemental 
analysis calcd. (%) for C32H26 (410.2): C 93.62, H 6.38; found: C 93.81, H 6.19. 
7-tert-Butyl-1,3-bis(4-tert-butylphenyl)pyrene (4b) was obtained as a white powder (CH2Cl2/hexane, 1:3) 
(177 mg, 70 %). M.p. 263°C; IR (KBr): max = 2960, 1914, 1772, 1592, 1496, 1458, 1394, 1363, 1268, 1227, 
1200, 1147, 1112, 1024, 877, 843, 810, 723, 665, 613, 567, 422 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.44 
(s, 18H, Ar-tBu), 1.59 (s, 9H, pyrene-tBu), 7.56 (d, J = 8.6 Hz, 4H, Ar-H), 7.61 (d, J = 8.4 Hz, 4H, Ar-H), 
7.97 (s, 1H, pyrene-H2), 8.00 (d, J = 9.2 Hz, 2H, pyrene-H4,10), 8.19 (s, 2H, pyrene-H6,8), 8.23 ppm (d, J = 9.2 
Hz, 2H, pyrene-H5,9); 13C NMR(75 MHz, CDCl3):  = 150.1, 149.1, 138.2, 137.1, 131.1, 130.3, 129.2, 127.6, 
127.4, 125.4, 125.34, 123.5, 122.1, 35.2, 34.7, 31.9, 31.5 ppm; MS: m/z 522.3 [M]+; elemental analysis calcd. 
(%) for C40H42 (522.3): C 91.90, H 8.10; found: C 91.81, H 7.99 
7-tert-Butyl-1,3-bis(4-methoxyphenyl)pyrene (4c) was obtained as yellow prisms (CH2Cl2/hexane, 1:1) 
(113 mg, 69 %). M.p. 167°C; IR (KBr): max = 2958, 1610, 1512, 1498, 1456, 1396, 1363, 1286, 1246, 1174, 
1039, 877, 835, 727, 660, 607, 580, 553, 418 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.58 (s, 9 H, pyrene-tBu), 
7.10 (d, J = 8.8 Hz, 4H, Ar-H), 7.60 (d, J = 8.6 Hz, 4H, Ar-H), 7.91 (s, 1H, pyrene-H2), 8.00 (d, J = 9.4 Hz, 
2H, pyrene-H4,10)), 8.18 (d, J = 9.4 Hz, 2H, pyrene-H5,9), 8.19 ppm (s, 2H, pyrene-H6,8); 13C NMR(75 MHz, 
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CDCl3):  = 159.0, 149.1, 136.8, 133.5, 131.7, 131.2, 129.1, 127.6, 127.4, 125.4, 125.2, 123.5, 122.0, 113.8, 
55.4, 35.2, 31.9 ppm; MS: m/z 470.2 [M]+; elemental analysis calcd. (%) for C34H30O2 (470.2): C 86.77, H 
6.43; found: C 86.53, H 6.41. 
7-tert-Butyl-1,3-bis(4-cyanophenyl)pyrene (4d) was obtained as light yellow prisms (CH2Cl2/hexane, 2:1) 
(120 mg, 54 %). M.p. 282°C; IR (KBr): max = 2960, 2729, 1604, 1495, 1462, 1400, 1362, 1228, 1153, 877, 
841, 816, 729, 661, 607, 559 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.60, (s, 9H, tBu), 7.77 (d, J = 8.4 Hz, 
4H, Ar-H), 7.83 (s, 1H, pyrene-H2), 7.86 (d, J = 8.6 Hz, 4 H, Ar-H), 8.04 (d, J = 9.2 Hz, 2H, pyrene-H4,10)), 
8.11 (d, J = 9.2 Hz, 2H, pyrene-H5,9), 8.28 ppm (s, 2H, pyrene-H6,8); 13C NMR(75 MHz, CDCl3):  = 150.0, 
145.6, 134.9, 132.3, 131.3, 131.0, 129.1, 128.2, 128.0, 125.3, 124.0, 123.3, 123.1, 118.8, 111.3, 35.3, 31.9 ppm; 
MS: m/z 460.2 [M]+; elemental analysis calcd. (%) for C34H24N2 (460.5): C 88.67, H 5.25, N 6.08; found: C 
88.59, H, 5.32, N 5.81. 
7-tert-Butyl-1,3-bis(4-trifluoromethylphenyl)pyrene (4e) was obtained as colourless prisms 
(CH2Cl2/hexane, 1:1) (230 mg, 67 %). M.p. 215°C; IR (KBr): max = 2958, 1616, 1326, 1167, 1122, 1062, 
1015, 845, 724, 614, 508, 472 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.60 (s, 9H, tBu), 7.78 (d, J = 8.4 Hz, 
4H, Ar-H), 7.83 (d, J = 8.4 Hz, 4H, Ar-H), 7.88 (s, 1H, pyrene-H2), 8.07(d, J = 9.6 Hz, 2H, pyrene-H4,10)), 
8.10 (d, J = 9.6 Hz, 2H, pyrene-H5,9), 8.26 ppm (s, 2H, pyrene-H6,8); 13C NMR(75 MHz, CDCl3):  = 149.8, 
144.6, 135.5, 131.0, 130.9, 129.8, 129.4, 128.6, 128.4, 128.2, 126.1, 125.5, 125.4, 125.3, 124.4, 123.2, 122.9, 
122.5, 35.3, 31.9 ppm; MS: m/z 546.2 [M]+; elemental analysis calcd. (%) for C34H24F6 (546.2): C 74.72, H 
4.43; found: C 74.61, H 4.05. 
Synthesis of 7-tert-Butylpyrene-1,3-biscarbaldehyde tetraacetate (5) 
A mixture of 7-tert-butyl-1,3-bis(4-formylphenyl)pyrene (4f) (46.7mg, 0.1 mmol),  ammonium acetate 
(308.4mg, 4mmol) and glacial acetic acid (10 mL) were refluxed for 5 h, and then cooled to room temperature. 
The mixture was quenched by an aqueous NaHCO3 (10 %) solution, which was then extracted with 
dichloromethane (2  50 mL). The organic layer was washed with water (2  20 mL) and saturated brine (20 
mL); the solution was dried (MgSO4) and condensed under reduced pressure. The crude compound was 
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purified by column chromatography eluting with (CH2Cl2/acetone, 3:1) to give 5 as a yellow solid (13 mg, 
19 %). M.p. 214°C; IR (KBr): max = 3465, 2974, 1756, 1630, 1371, 1249, 1218, 1072, 1009, 974, 943, 836, 
730, 607, 568, 524, 466 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.59 (s, 9H, tBu), 2.20 (s, 12H, Me), 7.71 (s, 
8H, Ar-H), 7.82 (s, 2H, CH), 7.89 (s, 1H, pyrene-H2), 8.03 (d, J = 9.2 Hz, 2 H, pyrene-H4,10)), 8.14 (d, J = 9.2 Hz, 
2H, pyrene-H5,9), 8.22 ppm (s, 2H, pyrene-H6,8); 13C NMR(75 MHz, CDCl3):  = 168.9, 142.6, 136.2, 134.5, 
131.1, 130.9, 127.9, 126.8, 125.3, 122.6, 125.3, 122.6, 122.5, 89.8, 89.7, 35.2, 31.9, 31.8, 21.0, 20.9 ppm; MS: 
m/z 670.11 [M]+; elemental analysis calcd. (%) for C34H24F6 (670.75): C 75.21, H 5.71; found: C 75.02, H 
5.83. 
Crystal Data and Refinement Details for 4a, 4c, 4d, 4f, and 5. Crystallographic data of compound 4a, 4c, 
4d, 4f, and 5 (see Table 1) were collected on a SMART ApexII CCD[39,40] or on a Rigaku Saturn 724 
diffractometer with Mo Kα radiation (λ = 0.71073 Å). Structure solution and refinement were routine except 
for 5 in which the tBu group was modelled with 50/50 disorder of the three methyl groups. Data (excluding 
structure factors) on the structures reported here have been deposited with the Cambridge Crystallographic 
Data Centre with deposition numbers, CCDC 879770 for 4a, CCDC 879771 for 4c, CCDC 879772 for 4d, 
CCDC 884805 for 4f and CCDC 879773 for 5. Copies can be obtained free of charge upon application to 
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: +44 1223/336 033; e-mail: 
deposit@ccdc.cam.ac.uk). 
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Blue-Emitting Butterfly-Shaped 1,3,5,9-Tetraaryl 







The first example of aryl-functionalized, butterfly-shaped, highly fluorescent and stable 
blue-emitting monomers, namely, 7-tert-butyl-1,3,5,9-tetrakis(p-R-phenyl)pyrenes were 
synthesized by the Suzuki-Miyaura cross-coupling reaction from a novel bromide precursor 
of 1,3,5,9-tetrabromo-7-tert-butylpyrene. And the crystal structures, optical and electronic 
properties have been investigated. 
*This work has been published: Feng, Xing; Hu, Jian-Yong; Iwanaga, Fumitaka; Seto, 
Nobuyuki; Carl; Elsegood, Mark R. J.; Yamato, Org. Lett., 2013, 15, 1318–1321. 
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4.1 Gnerenal Introduction 
The development of efficient optoelectronic materials based on polycyclic aromatic 
hydrocarbons (PAHs) has been extenensively investigated in the past two decades.1 Indeed, 
many members of PAHs have been employed in organic light-emitting diodes (OLEDs),2,3 
and other optoelectronic devices,4 as well as fluorescence probes.5 Pyrene and its derivative 
are important members of PAHs that have exhibited several advantages: 1) solution 
processable, 2) good thermal stability, 3) enhanced charge carrier mobility, and 4) intense 
luminescence efficiency. However, the use of pyrenes as efficient emitters in OLEDs have 
been somewhat limited,2 primarily because the planar structure of pyrene has a strong 
tendency to form -aggregates/ excimers, thereby quenching the fluorescence in 
concentrated solution or in the solid-state.  
 
Scheme 1 General active positions of pyrenes. 
To suppress the passive aggregations, several research groups have been focused on 
exploring the availability of methods for the functionalization of the pyrene core. In general, 
the 1-, 3-, 6-, and 8-positions of pyrene preferentially undergo electrophilic aromatic 
substitution (SEAr) reactions. Thus, various pyrene derivatives2 (Scheme 1) can be easily 
accessed depending on the experimental conditions.6 
On the other hand, the 4-, 5-, 9- and 10-positions (i.e. K-region) of the pyrene are facile to 
bromination in the presence of iron powder if the sterically bulky tert-butyl groups located at 
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the 2- and 7-positions.7 Interestingly, further prolonging the reaction time, the 
ipso-bromination product of 4,5,7,9,10-penta- bromopyrene can be obtained.8 Beside the 
electrophilic substitution of pyrene, Hu et al. reported an efficient, one-step synthetic 
approach to catalyze the oxidation of the K-region of pyrene using ruthenium chloride.9 
Müllen et al.10 also developed an asymmetric functionalization method to direct brominate 
the K-region of the pyrene without the protective tert-butyl groups. Recently, the active site 
of 1, 3-positions of pyrene can be brominated from starting compound 1 because the 
tert-butyl group protects the ring from electrophilic attack at the 6,8-positions.11 In addition, 
Yamato et al. reported the selective formation of the 5-mono- and 5,9-di-substitution 
products from 7-tert-butyl-1,3-dimethylpyrene by formylation and acetylation depending on 
the Lewis acid catalysts used.12  
4.2 Results and discussion 
4.2.1 Synthesis 
Thus, based on above-mentioned research, I attempt to exploit a new intermediate in order 
to develop a series of pyrene related materials for further applications. My initial attempt is to 
synthesize 1,3,4,5,9,10-hexa- bromo-7-tert-butylpyrene (3) using iron powder to catalyze its 
formation from 2-tert-butylpyrene (1) in different solvents, however efforts using CH2Cl2, 
nitrobenzene, and benzene, all failed. Probably, bromo atom substituted at the 1- and 
3-positions of the pyrene would sterically hinder the 4- and 10-positions, thereby enabling 
regioselective substitution at the 5- and 9-positions. Since the 7-position of the pyrene ring 
has been pretected, four bromines atoms can be introduced at the 1-, 3-, 5-, and 9-positions by 
electrophilic bromination of 2-tert-butylpyrene (1). Herein, I succeeded to develop a new 
bromide precursor, 1,3,5,9-tetrabromo- 7-tert-butylpyrene (2) in excellent yield (Scheme 1). 
To the best of our knowledge, this is the first example of a method to halogenate pyrene ring 
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both in the activated sites (1- and 3-positions) and in the K-region (5- and 9-positions).  
 
 
Scheme 1. Synthesis of the compounds 4 and 5 
The precursor 2 has two advantages: 1) the active sites at the 1- and 3-positions could give 
C-functionalized pyrene by the cross-coupling reaction to suppress the aggregation;11a 2) the 
K-region (5- and 9-positions) affords a strategy to extended conjugated systems to larger 
PAHs by cyclization.13 Accordingly, in this study, by using 2 as an intermediate, I syntheized 
novel butterfly-shaped, highly fluorescent and stable blue-emitting monomers, namely, 
1,3,5,9-tetraaryl- 7-tert-butylpyrenes (4), which were characterization by X-ray diffraction, 
absorption and fluoresence spectra, electrochemical and density functional theory (DFT). 
As described in Scheme 1, the mono-tert-butylated product, 2-tert-butylpyrene (1)14 
treated with Br2 (6 equivalents) in CH2Cl2 at room temperature in the presence of iron 
powder yielded the expected tetrabromopyrene 2 in high yield of 84%. Compound 2 is a 
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white solid powder, which is slightly soluble in common organic solvents, such as CH2Cl2 
and CHCl3. The 1H NMR spectrum showed three singlets between 8.47–8.80 ppm region (Ha, 
Hb, Hc), and a singlet for the pyrene protons in the ratio 2:2:1, consistent with the 
symmetrical substituted structure of 2.  
 
Figure 1 1H-NMR spectrum (300MHz, 293K, * CDCl3) for 2. 
Then, Suzuki cross-coupling reaction of 2 with the corresponding arylboronic acids 
affored the 1,3,5,9-tetraaryl- 7-tert-butylpyrenes 4 in isolated yields of 65–72%. As a 
comparison, I also synthesized the Schiff base 5 from the aromatic aldehyde 4c (Scheme 1), 
and 6 [1,3,6,8-tetrakis(4-methoxyphenyl)pyrene] according to the reported literature 
procedure.15 
4.2.2 X-ray crystallography 
  The molecular structures of compounds 4, 5 and 6 were characterized by 1H/13C NMR spectra, single 
crystal X-ray diffraction, FT-IR spectroscopy, mass spectroscopy as well as elemental analysis. All 
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compounds 4 were well soluble in common organic solvents such as toluene, CH2Cl2, CHCl3, THF, 
acetonitrile, and N,N-dimethyl- formamide (DMF), and exhibited excellent thermal stability under air/N2. The 
key thermal data for the pyrenes 4 are summarized in Table 1. 
Table 1 Summary of crystal data for butterfly-shaped molecules 4a, 4b and 6 
Parameter 4a 4b 6 
Empirical formula C44H34 C48H42O4 C44H34O4·CHCl3 
Formula weight [g mol-1] 562.71 682.82 746.13 
Crystal system monoclinic triclinic monoclinic 
Space group P21/n P1 P21/c 
A  [Å] 14.220(3) 12.642(2) 14.076(3) 
B  [Å] 26.693(5) 12.960(2) 9.7666(19) 
C  [Å] 16.457(3) 13.854(2) 26.439(5) 
  [°] 90.00 86.048(2)° 90.00 
  [°] 95.884(3) 67.354(2)° 95.169(15) 
  [°] 90.00 60.942(2)° 90.00 
Volume [Å3] 6214(2) 1811.4(5) 3619.8(13) 
Z 8 2 4 
Density, calcd [g m-3] 1.203 1.252 1.369 
Temperature [K] 150(2) 150(2) 113(1) 
Unique reflns 10932 10122 6558 
Obsd reflns 4933 7260 4612 
Parameters 916 476 473 
Rint 0.0787 0.0255 0.0362 
R[I>2(I)]a 0.0570 0.0475 0.0578 
wR[I>2(I)]b 0.1722 0.1413 0.1852 
GOF on F2 1.072 1.047 1.096 
a Conventional R on Fhkl: Σ||Fo| – |Fc||/σ|Fo|. b Weighted R on |Fhkl|2: Σ[w(Fo2 – Fc2)2]/Σ[w(Fo2)2]1/2 




Figure 2. X-ray structure of compounds 4a and 4b. 
  Single crystals of 4a (CCDC 917256), 4b (CCDC 917257) and 6 (CCDC 915429) were 
grown from a mixture of CH2Cl2 and MeOH and investigated by X-ray crystallography to 
establish the structure. All crystal structures were found to belong to the monoclinic crystal 
system with space group P21/c for 4a and 6, and P21/n for 4b. As shown in Figure 3, these 
terminal moieties adopt a reasonably twisted conformation with a substantial dihedral angle 
relative to the pyrene ring (46.268.0), and torsion angles of 49.4–70.5° between the pyrene 
and phenyl rings, whilst for the pyrene and methoxylphenyl rings, the torsion angles were 
48.1–56.2°.  
 
Figure 3. The crystal-packing diagram of 4a and 4b. 
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In compound 7, the four terminal moieties twist with reasonable dihedral angles relative to 
the pyrene cores by the proximal hydrogen atoms. This conformation effectively suppresses 
- stacking and releases the steric interactions in the solid-state. Only C-H··· interactions 
were observed and impact on molecular geometries as well as prevent the excimer formation 
in the solid-state.16 The packing of molecules of 4a and 4b revealed the 2D self-assembled 
planar solid-state structure. However, the compound 6 exhibited a sandwich-like 3D 
structure self-assembled in the solid-state via C-H···π bond interactions overlapping the 
porous two-dimensional networks. A chloroform molecule was encapsuled in the molecular 
channel by a hydrogen bonding C45-H45···O4 (2.506 Å) interaction (Figure 4). 
 
Figure 4. Self-assembled 3D structure of 6; left) top view and right) side view. 
4.2.3 Photophysical properties 
The UV absorption and fluorescence spectra of 4, 5 and 6 were investigated in 
dichloromethane and in a thin film (Figure 5). For 4ac and 6, two prominent absorption 
bands were observed in between 298–308 nm and 373391 nm, and the absorption spectrum 
of 4c was broader and less well-resolved in the range of 330420 nm. The compounds 4 have 
a slight red-shift order of 4c (CHO) > 4b (OMe) > 4a (H), which are manner with previous 
reports.8,11b,17 For the Schiff base 5, the more broader absorption spectrum was observed at 
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355 nm arise from the more delocalized chromophore (red shift) with the possibility for 
charge transfer (broadened spectrum). In the thin film absorptions (Table 2), the compounds 
4 have slightly broader spectra with red-shifts (5–14 nm) in comparison to that observed in 
solution, its can be explained due to re-absorption in the solid-state. For 6, however, an 
unusual zigzag type absorption spectrum was observed and the maximum at 391 nm, 
indicating its trend to form single crystal in solid-state cause high noise level.15 
 
Figure 5. (a) Normalized UV-vis absorption and (b) emission spectra of compounds 4 recorded in 
dichloromethane at ca. ~10–5–10-6 M at 25 °C. (c) emission spectra of 4 in thin film (d) photographs of blue 
emission from the films of 4 (left→right). 
Upon excitation, the emission maxima at 412 nm for 4a and 421 nm for 4b reveal a smaller 
red shift than compound 6 (max = 434 nm). For 4c and 5, however, the presence of the CHO 
moiety and the 4-tert-butylphenyl- iminophenyl group, caused a significant  
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Table 2. The photophysical and electrochemical properties of compounds 4, 5 and 6. 
Compd 
max abs (nm) 
solnsa / filmsb 
max PL (nm) 
solnsa / filmsb 
fc 







d(°C) Tde (°C) 
4a 373 380 412 410 0.92 / 0.75 -1.58 -5.01 3.43 335 350 
4b 379 369 421 443 0.90 / 0.72 -1.36 -4.76 3.40 330 410 
4c 386 400 469 471 0.56 / 0.48 -2.45 -5.66 3.21 302 329 
5 355 nd 467 nd nd  / nd -2.12 -5.25 3.13 266 430 
6 391 405 434 488 0.94 / nd -1.47 -4.71 3.24 271 nd 
a Maximum absorption wavelength measured in dichloromethane at room temperature. b Measured in thin neat films. 
c Measured in dichloromethane and in neat thin films, respectively. d Melting temperature (Tm) obtained from 
differential scanning calorimetry (DSC) measurement. e Decomposition temperature (Td) obtained from 
thermogravimetric analysis (TGA). nd: no determination. 
red-shift and a broadened emission maximum (max) at 469 nm and 467 nm, respectively. 
Nevertheless, no excimer emissions were observed in these newly developed 
butterfly-shaped tetraarylpyrenes system. The thin-solid film fluorescence spectrum of 4 
present a prominent maximum emission in the blue region at 410 nm for 4a, 443 nm for 4b 
and 471 nm for 4c, respectively. Interestingly, the emission spectrum of 4a shows a slight 
hypsochromic shift with respect to the spectrum of solution. This difference might be due to 
the different dielectric constant.18 Compound 4b displayed a slight red-shift (~22 nm) 
compared to the spectra recorded in solution (Table 1), thought to be due to the aggregations. 
For 4c, there is a slight red-shift (increased by 2 nm) in solution versus thin film. However, 
the fluorescence emission spectrum of 6 showed broad emission bands at 488 nm in the solid 
state. A 54nm red-shifted was observed with respect to in the solution without the tert-butyl 
group. The substituents at 5,9- position of pyrene made the structure more symmetry and 
played a key role for influening S1←S0 excitation.19 Furthermore, Figure 2b and 2c revealed 
that these butterfly-shaped compounds 4 emit very bright, sharp and solid-state blue 
fluorescence. All Compounds 4 have very high quantum yields (fc) in range of 0.560.92 in 
solution and 0.720.78 in the solid-state, resepctively (Table 1). There is thus potential as 
efficient blue emitters in OLEDs. 
4.2.4 Quantum Chemistry Computation 
DFT calculations for 4, 5 and 6 were performed using the Gaussian 03 program. The 
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calculated density surfaces of the highest occupied molecular orbital (HOMO) and the lowest 
unoccupied molecualr obital (LUMO) of 4a, 4c and 5 are shown in Figure 6. The HOMO is 
located over the entire pyrene framework in each molecule, whereas the aryl substituent 
groups or extended chains have limited contributions to this system. However, it is 
remarkable that the LUMO of 4c spreads over the entire pyrene framework, including the 
4-formylphenyl unit. It is noteworthy that the terminal phenylimino groups do not contribute 
to the construction of the LUMOin 5, despite of the introduction of the extended 
ð-conjugated by C=N bond. 
 
Figure 6. Spatial distributions of the compounds 4a, 4c and 5 frontier orbitals. The upper plots represent the 
HOMOs, and the lower plots represent the LUMOs. 
Table 3. Computed Frontier Orbital Energies for 4, 5 and 6. 









4a -0.71 -1.58 -5.01 -5.90 3.43 
4b -0.49 -1.36 -4.76 -5.55 3.40 
4c -2.04 -2.45 -5.66 -6.53 3.21 
5 -1.69 -2.12 -5.25 -5.50 3.13 
6 -0.52 -1.47 -4.71 -5.63 3.24 
4.2.5 Electrochemistry 
The electrochemical properties of 4 were investigated by cyclic voltammetry (CV). All 
compounds showed oxidation waves located at 1.48 V for 4a, 1.35 V and 1.73V for 4b; and 
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1.75 V for 4c (vs Fc/Fc+), All compounds display oxidation wave originating from the 
conjugation system of pyrene. The HOMO energy levels were calculated to be -5.49 eV for 
4a, -5.36 eV for 4b and -5.73 eV for 4c, respectively, from the onset of the first oxidation 
wave. 
 
Figure 7. Cyclic voltammograms recorded for the compounds 4. 
Table 4. Electrochemical properties of compounds 4. 
Compound Eox1/2 Eoxonset Eox (Fc)onset HOMO LUMO Eg 
4a 1.48 1.35 0.66 -5.49 -2.38 3.11 
4b 1.35, 1.73 1.20, 1.58 0.64 -5.36 -2.35 3.01 
4c 1.75 1.58 0.65 -5.73 -2.85 2.88 
Eox1/2 is half-wave potentials of the oxidative waves, Eoxonset is the onset potentials of the first oxidative 
wave, with potentials versus Fc/Fc+ couple. HOMO and LUMO energy levels were calculated according to 
equations: HOMO = - (4.8 + Eoxonset) and LUMO =HOMO+Eg. Eg: estimated from UV-vis absorption 
spectra. 
The Energy gap (Eg) was estimated from UV-vis absorption (3.11 eV for 4a, 3.01 eV for 4b 
and 2.88 eV for 4c). The experimental data was found to closely corresponding to the 
theoretically calculated data (See the SI). The slight difference owing to the theoretical 
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calculation performed in the gas phase. The high reversibility of their redox processes 
demonstrated that the butterfly-shaped pyrenes were stable, and suggested that the current 
molecular design may be suitable for OLED-like optoelectronic devices. 
4.3 Conclusion 
In conclusion, this work provides a promising strategy to halogenate both at the active sites 
and in the K-region. I successfully developed a novel bromide precursor of 
1,3,5,9-tetrabromo-7-tert-butylpyrene. With this tetra- bromopyrene as a key starting 
material, butterfly-shaped, highly efficient blue-emitting pyrene derivatives were 
synthesized. Both single-crystal X-ray analysis and photophysical properties for these 
pyrenes are fully investigated. Further investigation of their applications in OLEDs is in 
progress in my current laboratory. 
4.4 Experiment section 
I. General methods 
General: 1H/13C NMR spectra (300 MHz) were recorded on a Nippon Denshi JEOL FT-300 NMR 
spectrometer respectively referenced to 7.26 and 77.0 ppm for chloroform-D solvent with SiMe4 as an internal 
reference: J-values are given in Hz. IR spectra were measured for samples as KBr pellets in a Nippon Denshi 
JIR-AQ2OM spectrophotometer. Mass spectra were obtained with a Nippon Denshi JMS-HX110A Ultrahigh 
Performance Mass Spectrometer at 75 eV using a direct-inlet system. Elemental analyses were performed by 
Yanaco MT-5. UV/Vis spectra were obtained with a Perkin–Elmer Lambda 19 UV/Vis/NIR spectrometer in 
various organic solvents. Fluorescence spectroscopic studies were performed in various organic solvents in a 
semimicro fluorescence cell (Hellma®, 104F-QS, 10 × 4 mm, 1400 L) with a Varian Cary Eclipse 
spectrophotometer. Fluorescence quantum yields were measured using absolute methods. Thermogravimetric 
analysis (TGA) was undertaken using a SEIKO EXSTAR 6000 TG/ DTA 6200 unit under nitrogen atmosphere 
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at a heating rate of 10 °C min-1. Differential scanning calorimeter (DSC) was performed using a Perkin–Elmer 
Diamond DSC Pyris instrument under nitrogen atmosphere at a heating rate of 10 °C min-1. Photoluminescence 
spectra were obtained using a FluroMax-2 (Jobin-Yvon-Spex) luminescence spectrometer. Electrochemical 
properties of HOMO and LUMO energy levels were determined by Electrochemical Analyzer. The thin films 
were prepared by solution process. Dissolve 10 mg sample in 1mL toluene solution, the solution is placed on the 
substrate, which is then rotated at high speed in order to spread the fluid by centrifugal force. The quantum 
chemistry calculation was performed on the Gaussian 03W (B3LYP/6–31G* basis set) software package.[20] 
Materials: Unless otherwise stated, all other reagents used were purchased from commercial sources and used 
without further purification. The preparation of 2-tert-butylpyrene (1) was described previously[11b]. 
II. General Procedures 
Synthesis of 2-tert-butylpyrene (1)[21]: A mixture of pyrene (5 g, 24.2 mmoL) and 2-chloro-2-methyl- 
propane (2.62 g, 3.23 mL) was added in 40 mL of CH2Cl2 at 0 °C and stirred for 15 min. Powdered anhydrous 
AlCl3 (3.62 g, 27.2 mmoL) was slowly added to a stirred solution. The reaction mixture was continuously 
stirred for 3 h at room temperature and the reaction process was tracked by GC, and then poured into a large 
excess of ice/water. The reaction mixture was extracted with dichloromethane (2  50 mL). The combined 
organic extracts were washed by water and brine, dried with anhydrous MgSO4 and evaporated. The residue 
was crystallized from hexane to afford pure 2-tert-butylpyrene 1 (4.56 g, 71%) as a gray powder. 
Recrystallization from hexane gave 1 as colorless prisms. Mp 111.5–113.2 °C (lit.[21] Mp 110–112 °C). The 1H 
NMR spectrum completely agreed with the reported values. 1H NMR (300 MHz, CDCl3) äH 1.59 (s, 9H, tBu), 
8.18 (d, J = 9.2 Hz, 2H, pyrene-H), 8.30 (s, 2H, pyrene-H), 8.37 (d, J = 9.2 Hz, 2H, pyrene-H), 8.47 (s, 1H, 
pyrene-H). 
Synthesis of 1,3,6,8-tetrabromopyrene[22]: A mixture of bromine (1.15 mL, 22 mmoL) with nitrobenzene (5 
mL) was added dropwise, with vigorous stirring, to a solution of pyrene (1 g, 5 mmoL) in nitrobenzene (15 mL) 
at 120 °C. The mixture was kept at 120 °C for 4 h and then cooled to room temperature to yield a pale-green 
precipitate. Then was filtered, washed with ethanol (100 mL), and dried under vacuum. The solid product (2.21 
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g, 91%) was insoluble in all the common organic solvents. It was not further identified. The product was directly 
used as such for the Suzuki coupling reactions. 
Lewis acid-catalysed bromination of 2-tert-butylpyrene (1): A mixture of 2-tert-butylpyrene (0.512 g, 2 
mmoL) and iron powder (0.56 g, 10 mmoL) were added in CH2Cl2 (10 mL) at room temperature for stirring 15 
min, a solution of Br2 (0.63 mL, 12.1 mmoL) in CH2Cl2 (15 mL) was slowly added dropwise with vigorous 
stirring. After this additional, the reaction mixture was continuous stirred for 4 h at room temperature. The 
mixture was quenched with Na2S2O3 (10%) and extracted with dichloromethane (50 mL × 2). The combined 
organic extracts were washed by water and brine and evaporated. The crude product shows gray color. Due to 
the crude product was insoluble in general common organic solvents, such as benzene and hexane, methanol etc. 
just slight dissolved in CH2Cl2 or CHCl3. So the residue was dissolved in hot CHCl3 and filter, the mother 
solution was crystallized from CHCl3 to give pure 7-tert-butyl-1,3,5,9-tetrabromopyrene 2 (978 mg, 84%) as 
white powder. Mp 303.4–305.0 °C. max (KBr)/cm-1 2962, 2365, 1579, 1523, 1461, 1425, 1392, 1363, 1267, 
1195, 1132, 1027, 1012, 941, 877, 809, 655, 474. 1H NMR (300 MHz, CDCl3) H 1.65 (s, 9H, tBu), 8.47 (s, 1H, 
pyrene-H2), 8.71 (s, 2H, pyrene-H), 8.79 (s, 2H, pyrene-H). Due to the solubility is poor; it was not further 
identified by 13C NMR. FAB-HRMS: m/z calcd. for C20H14Br4 573.78; found 573.56 [M+]. Anal. Calcd for 
C20H14Br4: C 41.85, H 2.46; Found: C, 42.05; H 2.53. 
Synthesis 7-tert-buty-1,3,5,9-tetrakisphenylpyrene (4a): 7-tert-Butyl-1,3,5,9- tetrabromopyrene  (200 
mg, 0.35 mmoL), phenylboronic acid (245 mg, 2.11 mmoL), and Pd(PPh3)4 (70 mg, 0.06 mmoL) and K2CO3 
(0.5 g, 3.6 mmoL) were mixed in a flask containing with argon saturated toluene (10 mL) and ethanol (4 mL). 
The reaction mixture was stirred at 90 °C for 24 h. After it was cooled to room temperature, the reaction mixture 
was extracted with dichloromethane (15 mL × 3), and the organic layer was washed with H2O and brine, then 
dried with anhydrous MgSO4 and evaporated. The crude product was purified by column chromatography using 
dichloromethane as eluent to provide a mixture deep yellow powder and recrystallized from CH2Cl2/methanol 
(2:1) to afford 7-tert-buty-1,3,5,9-tetra- kisphenylpyrene 4a as white powder (128 mg, 65%). Mp 335 C; max 
(KBr)/cm-1 3422.5, 2961.0, 2366.6, 1593.2, 1496.6, 1363.8, 1252.8, 1177.6, 1070.3, 894.7, 762.3, 701.3, 626.1, 
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483.1. 1H NMR (300 MHz, CDCl3) H 1.36 (s, 9H, tBu), 7.40−7.54 (m, 12H, Ar-H), 7.63−7.70 (m, 8H, Ar-H), 
7.98 (s, 1H, pyrene-H), 8.16 (s, 2H, pyrene-H), 8.29 (s, 2H, pyrene-H). 13C NMR (75 MHz, CDCl3) C 148.6, 
141.4, 141.1, 139.8, 137.2, 130.6, 130.5, 130.1, 129.7, 128.4, 128.3, 127.4, 127.3, 127.2, 125.5, 124.5, 124.1, 
121.4, 35.4, 31.6. FAB-HRMS: m/z calcd. for C44H34 562.27; found 562.74 [M+]. Anal. Calcd for C44H34: C, 
93.62; H, 5.38; Found: C, 93.25; H, 5.25. 
Synthesis of 7-tert-butyl-1,3,5,9-tetrakis(4-methoxyphenyl)pyrene (4b): A mixture of 
7-tert-butyl-1,3,5,9- tetrabromopyrene 2 (200 mg, 0.35 mmoL), 4-methoxyphenyl boronic acid (266 mg, 1.75 
mmoL) in toluene (12 mL) and ethanol (4 mL) at room temperature was stirred under argon, and K2CO3 (2 M, 
20 mL) solution and Pd(PPh3)4 (70 mg, 0.06 mmoL) were added. After the mixture was stirred for 30 min. at 
room temperature under argon, the mixture was heated to 90 C for 24 hs with stirring. After cooling to room 
temperature, the mixture was quenched with water, extracted with CH2Cl2 (3  15 mL), washed with water and 
brine. The organic extracts were dried with MgSO4 and evaporated. The residue was purified by column 
chromatography eluting with CH2Cl2 to give 4b as yellow powder. Recrystallisation from CH2Cl2/hexane (3:1) 
gave 7-tert-butyl-1,3,5,9-tetrakis- (4-methoxyphenyl)pyrene 4b (154 mg, 65%) as yellow solid. Mp 330 C. 
max (KBr)/cm-1 3437.0, 2957.3, 1610.9, 1507.1, 1457.1, 1285.1, 1246.0, 1174.2, 1106.1, 1038.0, 830.3, 583.2, 
540. 1H NMR (300 MHz, CDCl3) H 1.38 (s, 9H, tBu), 3.90 (s, 6H, OMe), 3.92 (s, 6H, OMe), 7.06 (d, J = 8.8 Hz, 
4H, Ar-H), 7.07 (d, J = 8.8 Hz, 4H, Ar-H), 7.56 (d, J = 8.6 Hz, 4H, Ar-H), 7.60 (d, J = 8.8 Hz, 4H, Ar-H), 7.92 (s, 
1H, pyrene-H), 8.12 (s, 2H, pyrene-H), 8.30 (s, 2H, pyrene-H). 13C NMR (75 MHz, CDCl3) C 159.0, 158.9, 
148.5, 139.1, 136.7, 133.9, 133.7, 131.7, 131.2, 130.8, 129.7, 127.3, 125.6, 121.2, 113.9, 113.8, 55.4, 31.7. 
FAB-HRMS: m/z calcd. for C48H42O4 682.31; found 682.19 [M+]. Anal. Calcd for C48H42O4: C, 84.43; H, 6.20; 
Found: C, 84.01; H, 5.93. 
Synthesis of 7-tert-buty-1,3,5,9-tetrakis(4-formylphenyl)pyrene (4c): 7-tert-butyl- 1,3,5,9-tetrakis- 
bromopyrene 2 (200 mg, 0.35 mmoL), 4-formylphenylboronic acid (300 mg, 2.11 mmoL), and Pd(PPh3)4 (70 
mg, 0.06 mmoL) and K2CO3 (1 g, 7.2 mmoL) were mixed in a flask containing with argon saturated toluene (10 
mL) and ethanol (4 mL). The reaction mixture was stirred at 90 °C for 24 h. After it was cooled to room 
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temperature, the reaction mixture was extracted with dichloromethane (15 mL  3), and the organic layer was 
washed with H2O and brine, then dried with anhydrous MgSO4 and evaporated. The crude product was purified 
by column chromatography using dichloromethane as eluent to provide a mixture deep yellow powder and 
recrystalized from CH2Cl2/methanol (2:1) to afford 7-tert-buty-1,3,5,9-tetrakis(4-formylphenyl)pyrene 4c (168 
mg, 72%) as yellow powder. Mp 302 C. max (KBr)/cm-1 3444.4, 2957.2, 1703.8, 1607.1, 1564.3, 1385.2, 
1313.7, 1209.9, 1167.6, 819.4, 490.3. 1H NMR (300 MHz, CDCl3) H 1.37 (s, 9H, tBu), 7.81 (d, J = 8.1 Hz, 4H, 
Ar-H), 7.87 (d, J = 8.1 Hz, 4H, Ar-H), 8.00 (s, 1H, pyrene-H), 8.07–8.09 (m, 8H, Ar-H, 2H, pyrene-H), 8.28 (s, 
2H, pyrene-H), 10.14 (s, 2H, CHO), 10.16 (s, 2H, CHO). 13C NMR (100 MHz, CDCl3) C 191.82, 191.77, 149.8, 
147.1, 146.8, 139.6, 136.5, 135.7, 135.5, 131.2, 130.7, 130.0, 129.9, 129.0, 128.9, 127.5. 125.3, 124.8, 123.9, 
122.0, 35.5, 31.6. FAB-HRMS: m/z calcd. for C48H34O4 674.25; found 674.28 [M+]. Anal. Calcd for C48H34O4: 
C, 85.44; H, 5.08; Found: C, 85.15; H, 5.28. 
Synthesis of the Schiff base 5: A mixture of 7-tert-buty-1,3,5,9- tetrakis (4-formylphenyl)pyrene (4c) (67 
mg, 0.01 mmoL) and 4-tert-butylaniline (89.4 mg, 0.06 mmoL) in CH2Cl2 (20 mL) were stirred at 70 °C for 48 
h. After it was cooled to room temperature, the yellow solid was filtrated and recrystallized from 
hexane/CH2Cl2 and (3:1) to afford 5 as yellow powder (54 mg, 50%). Mp 265.6–267.5 °C. max (KBr)/cm-1 2958, 
2865, 2366, 1702, 1625, 1596, 1504, 1461, 1363, 1265, 1201, 1170, 1170, 1106, 1014, 887, 833, 567, 478. 1H 
NMR (300 MHz, CDCl3) H 1.36 (s, 9H, tBu), 1.37 (s, 9H, tBu), 1.40 (s, 9H, tBu), 1.64 (s, 18H, tBu), 7.23 (d, J 
= 3.5 Hz, 4H, Ar-H), 7.24 (d, J = 4.77 Hz, 4H, Ar-H), 7.44 (d, J = 2.2 Hz, 4H, Ar-H), 7.45 (d, J = 2.16 Hz, 4H, 
Ar-H), 7.77 (d, J = 8.0 Hz, 4H, Ar-H), 7.83 (d, J = 8.07 Hz, 4H, Ar-H), 8.05 (s, 1H, pyrene-H), 8.07–8.10 (m, 8H, 
Ar-H), 8.20 (s, 2H, pyrene-H), 8.38 (s, 2H, pyrene-H), 8.60 (s, 2H, =CH), 8.61 (s, 2H, =CH). 13C NMR (100 
MHz, CDCl3) C 159.2, 159.1, 149.4, 149.3, 149.2, 149.19, 144.1, 143.7, 139.6, 136.8,135.7, 135.5, 131.0, 
130.5, 130.2, 129.1, 128.9,127.5, 126.0, 126.0, 125.6, 124.7, 124.1, 121.7, 120.6, 120.5, 114.9, 35.5, 34.5, 31.7, 
31.4. FAB-HRMS: m/z calcd. for C88H86N4 1198.69; found 1198.23 [M+]. Anal. Calcd for C88H86N4: C, 88.10; 
H, 7.23; N, 4.67; Found: C, 88.36; H, 7.26, N, 4.48. 
Synthesis of 1,3,6,8-tetrakis(4-methoxyphenyl)pyrene (6)[15]: 1,3,6,8- Tetrabromopyrene (200 mg, 0.386 
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mmoL), p-methoxyphenylboronic acid (468 mg, 3.8 mmoL), and Pd(PPh3)4 (50 mg, 0.04 mmoL) and aqueous 
2.0 M NaOH (2 mL) were mixed in a flask containing with argon saturated toluene (8 mL). The reaction 
mixture was stirred at 90 °C for 20 h. After it was cooled to room temperature, the reaction mixture was 
extracted with dichloromethane (20 mL  2). The combined organic extracts were dried with anhydrous MgSO4 
and evaporated. The crude product was purified by column chromatography using hexane/dichloromethane 
(1:1.5) as eluent to provide a pale powder and recrystalized from hexane to afford 
1,3,6,8-tetrakis(4-methoxyphenyl)pyrene 6 as yellow powder (50 mg, 21%). Mp 270.5–272.8 °C. max 
(KBr)/cm-1 2952, 1608, 1513, 1494, 1459, 1286, 1245, 1176, 1106, 1035, 835, 549, 476. The 1H NMR spectrum 
completely agreed with the reported values. 1H NMR (300 MHz, CDCl3) H 3.92 (s, 12H, OMe), 7.08 (d, J = 8.8 
Hz, 8H, Ar-H), 7.59 (d, J = 8.8 Hz, 8H, Ar-H), 7.95 (s, 2H, pyrene-H), 8.15 (s, 4H, pyrene-H). 13C NMR (100 
MHz, CDCl3) C 159.1, 136.8, 133.7, 131.8, 129.7, 128.1, 126.2, 125.2, 113.9, 55.5. FAB-HRMS: m/z calcd. for 
C44H34O4 626.25; found 626.26 [M+]. Anal. Calcd for C44H34O4: C, 84.32; H, 5.47; Found: C, 84.30; H 5.48. 
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Regioselective bromination of 7-tert-butylpyrene 
and explore the effect of the substituent positions on 




1 2a 2b 2c
2d 2e 2f  
 
Abstract:  
the present work firstly investigated bromination mechanism 2-tert-butylpyrene (1) to 
regioselectively afford mono-, di-, tri-, and tetra-bromopyrenes by detailed experimental 
methods. The final thermodynamic product of 1,3,5,9-tetrabromo-7-tert-butylpyrene (2f) 
was synthesized through stepwise eletrophilic substitution under FeBr3-catalysed 
rearrangement. The related intermediate bromopyrene derivatives were isolated and 
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confirmed by 1H NMR spectra, MS and elemental analysis. More intuitionistic evidences 
were originated from series of aryl-substituented pyrene derivatives, which were prepared 
from these resultant bromopyrenes with 4-methoxyphenyl boronic acid by Suzuki-Miyaura 
cross-coupling reaction. In this system, the numbers of the methoxylphenyl group as a 
substituent appended to the pyrene core is varied. The single-crystal X-ray diffractions 
revealed that with the number of 4-methoxyphenyl group (-C6H4-OMe) increasing, which 
not only strongly affects the crystal packing patterns and arrangement manners, but also 
plays significant role to inhibit π-π stacking in solid-state, as well as beneficially to improve 


















Pyrenes and its derivatives1 belong to a classical family of polycyclic aromatic 
hydrocarbons (PHAs) that have been extensively investigated for light-emitting devices 
application in recent years, due to their inherent chemical and photochemical characteristics, 
which own an excellent deep blue chromophore with great chemical stability and high charge 
carrier mobility. However, owing to the planar structure of the pyrene has strongly tendency 
to form -aggregates/excimers, which leads to an excimer emission band and the quenching 
of fluorescence in condensed medias resulting in a low fluorescence quantum yield. 
Enormous effort has been paid towards exploring new method to functionalize pyrene-core 
for developing molecular materials and their applications. 
In generally, due to the presence of nodal planes located at 2-, 7- positions in both the the 
highest occupied molecular orbitals (HOMO) and the the lowest unoccupied molecular 
orbitals (LUMO) of pyrene, substituting pyrene at the 2- and 2,7-positions become more 
difficult than other position (such as 1-, 3-, 6- and 8-positions (active site)).2 Thus, few 
examples focus on substituting at 2- and 7- position of pyrene by borylation,3 bromination,4 
nitration,[5] oxidation6  and tert-butylation.7 On the other hand, the active sites of 1-, 3-, 6-, 
and 8-positions have thoroughly examined and led to variety of applications in optical 
material.1a,1b Since Yamato et. al. first reported8 oxidation K-region (4-, 5-, 9- and 
10-positions) of pyrene in 1997 by stepwise synthetic methods, the K-region also has been 
explored conveniently synthetic route to ketone9 for preparing pyrene-fused azaacenes 
derivatives application in semiconductor material.10 
As previously mentioned, bromopyrene derivatives are significantly intermediation 
compounds, which play an important role in modern organic chemistry, not only for synthetic 
methodology, but also for advance optoelectronic materials. Generally, the 1-, 3-, 6-, and 
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8-positions of pyrene preferentially occurred electrophilic aromatic substitution (SEAr) 
reactions. Therefore, mono-, bis-, tri-, and tetrakis-bsubstituted pyrenes were synthesized for 
organic electronic devices1 and fluorescence probes.11 For examples, Thummel et al. 
discussed the crystal packing of 1,3-, 1,6-, 1,8-, and 
2,7-bis-(2-[1,10]phenanthrolinyl)pyrenes as pyrene- bridged ligands with ruthenium(II) by 
1H NMR spectra and single-crystal X-ray crystallographic.12 Sankararaman13 and co-workers 
reported a pyrene octaaldehyde derivative from 1,3,6,8-tetrabromopyrene, which can caused 
molecular aggregations in nonpolar solvents and in the solid-state through cooperativity of 
the intermolecular ð-ð stacking and C-H···O interactions, might find applications in the 
fields of molecular optoelectronics. Chow et al. synthesized sterically congested 
tetraarylpyrenes as efficient blue emitters that exhibited pure blue electroluminescence with 
respectable organic light-emitting diodes (OLEDs).14 More recently, Konishi et al. 
systematically alkylated the active sites 1-, 3-, 6-, and 8- position of pyrenes by using the 
latest synthesis methods, and investigated the effects of various of number alkyl-substituted 
on the photophysical properties of the pyrene chromophore.15 Recently, we reported a new 
type of fluorescent sensor based on a pyrene-linked triazole-modified homooxacalix[3]arene 
with 1-pyrenyl moiety for selectivity detecting Zn2+ and H2PO4- ions in neutral solution.16  
Bromination of pyrene occurred at not only the active sites of 1-, 3-, 6-, and 8- positions, 
but also substituted at K-region of 4-, 5-, 9-, and 10-positions. For example, we previous 
reported a series of pyrene-based cruciform/hand-shaped light-emitting monomers with 
highly emissive pure-blue fluorescence from 4,5,9,10-tetrabromo-2,7-di-tert-butyl-pyrene.17 
More recently, we explored a novel bromide precursor, named 1,3,5,9-tetra- 
bromo-7-tert-butylpyrene,18 through bromination 2-tert-butyl- pyrene (1) in CH2Cl2 at room 
temperature under iron powder catalyzed. 
According to currently pyrene chemistry knowledge and synthetic technology, many 
Xing Feng                                                       Saga University Japan 
92 
 
synthetic approaches for functionalization of the pyrene at both the active sites and the 
K-region have been developed. Müllen et al. reported the first example to direct bromination 
and oxidation at the K-region of pyrene without the necessity of tert-butyl groups for the 
utilization in OFETs devices with excellent hole mobility.19 Subsequently, 2,7-dibromo- and 
2,7-diiodopyrene-4,5,8,19-tetraones were reported by stepwise oxidation the pyrene at 
4,5,9,10- and halogenation at 2,7- position.20 Recently, we released both the active sites (1,3-) 
and the K-region (4,5,9,10-) of pyrene for novel pyrene-fused azaacence, from an interesting 
intermediate of 1,3-dibromo-7-tert-butylpyrene- 4,5,9,10-tetraone, which can easily 
prepared by bromination at the active sites (1,3-positions) and oxidation at the K-region 
(4,5,9,10-positions) of the pyrene.10a On the other hand, mono-, di-bromo-substituted 
pyrene4 were prepared from 2- or 2,7-di(Bpin)pyrene3 for OLEDs or  organic field-effect 





































Scheme 1 FeBr3-catalysed rearrangement to afford 4,5,9,10-tetrabromo- 2,7-tert-butylpyrene  
About twenty years ago, we reported a bromide rearrangement example on pyrene, who 
declared the bromine atom can be transferred from active site 1-position to 4-position of 
K-region when bromination of 2,7-di-tert-butylpyrene with 1.1 mol equiv. bromine in the 
presence of iron powder. Further bromination could be occurred in the presence of 
FeBr3-catalyzed afforded 4,5,9,10-tetrabromo-2,7-di-tert-butylpyrene (Scheme1).8 However, 
the detailed bromination mechanism was still unclear.   
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Recently, 1,3,5,9-tetrabromo-7-tert-butylpyrene was successfully synthesized by iron 
powder catalyze using.18 We speculate the sequence of reaction was stepwise bromination 
process from 1-, 3-, 5-, to 9-position. In this case, it seems easily to understand that pyrene 
preferentially occurred bromination substitution reactions at the active sites of 1- and 
3-positions. owing to the tert-butyl group protects the ring from electrophilic attack at the 
6,8-positions.22 Then, next step substituted positions of 5 and 9 can be directly occurred as 
expected, arise from bromo substituted at the 1- and 3-positions of the pyrene would 
sterically hinder the 4- and 10-positions, thereby enabling regioselective substitution at the 
5- and 9-positions. However, our further experiment results revealed that the reaction 
procedure was more complication than our predictions. 
It is well known that the bromonition reaction is violent with complex process, thus, to 
investigate bromination mechanism is a sophisticated work; owing to it is different to 
capture transition state or transition state analogy by experimental method. So, the 
mechanism in electrophilic substitution was investigated by kinetic and stereochemical 
study, or by theoretical analysis.23 in addition, if these experimental conditions can not well 
be controlled, the final components would be complication for characterization.24 In this 
paper, we present a first example to systematically explore the bromination rearrangement 
reaction of the pyrene towards the mono-, di-, tri-, tetra- and penta-bromopyrenes by the 
detailed experimental; subsequently,  a series of arylpyrenes containing the 
4-methoxyphenyl group were synthesized from the corresponding bromopyrene derivatives 
by Suzuki-Miyaura cross-coupling reaction. which allow us to further confirm 
bromo-substituted positions in the pyrene ring. Meanwhile, the effects of the 
methoxyphenyl group in both the numbers and the substituted positions on their 
photophysical properties, as well as for their molecular packing and arrangement manners 
were thoroughly investigated.  
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5.2 Results and discussions 
5.2.1 Stoichiometric Bromination of 2-tert-butylpyrene (1) 
A three-neck round bottom flask fitted with a dropping funnel, CaCl2 drying tube, was 
filled in 1 (200 mg, 0.78 mmol) in 20 mL of CH2Cl2 for stirring 30 min at 0 °C. A solution of 
Br2 (depending on stoichiometric ratio) in 5 mL of CH2Cl2 was added dropwise. After 
addition of bromine was completed, the mixture was warmed to room temperature (28 oC) for 
5 h. The crude product was evaporated and washed by hot hexane and was used for 1H NMR 
spectra analysis described in table 1. 







1 2a 2b 2c 2d 2e 2f
Br
 
Scheme 2. Reagents and conditions: (i) Bromination reagents, 28 oC, 4 h in CH2Cl2. 
The synthesis of the key intermediates of bromopyrene were shown in Scheme 2. 
1-Bromo-7-tert-butylpyrene (2a) and 1,3-dibromo-7-tert-butylpyrene (2b) have been 
synthesized with two kinds of bromide reagents used to achieve the chemical modifications 
of the pyrenes for required products 22 Firstly, 1) a mixture of 1 and 1.1 equiv. bromine in 
CH2Cl2 at 28 °C in the presence of iron powder, afforded 2a in 90% yield. The same result 
was obtained by using benzyltrimethyl- ammonium tribromide (BTMABr3) reagent. 2) a 
mixture of 1 and BTMABr3 (1.1 equiv. or 3.5 equiv.) in CH2Cl2 at 28 °C to give the desired 
product 2b in 76% yield, respectively. 3) However, a mixture of 1 and 2.0 equiv. of bromine 
afforded a mixture 2a in 50% yield and 2b in 35% yield. Similarly, 4) For comparison, we 
synthesized 1,3,6-tribromo-7-tert-butylpyrene (2c) in the absence of iron powder in 65% 
yield according to reported procedure.25 5) When the same reaction was carried out with 6.0 
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equiv. of bromine in the presence of iron powder, the Lewis acid-catalyzed rearrangement of 
bromine atoms was observed to give 1,3,5,9-tetrabromo- 7-tert-butylpyrene 2f in 84% 
yield.18 It seems that compound 2f might be formed by the isomerization of compound 2c 
catalyzed by FeBr3 which should be produced from bromine and iron powder present during 
the bromination. 6) When mix 1 with stoichiometric Br2 (1:3~5) under the same 
experimental condition, an intermediate product 1,3,5-tribromo-7-tert- butylpyrene (2d) was 
obtained with 2f, which can not be separated from crude compound by column 
chromatography. We attempted isolation of 2d and 2f in each pure form by 
high-performance liquid chromatography (HPLC) but failed. 7) Then, reaction of 2c with Br2 
(1:2.5) was carried out in the presence of iron powder. A miture of bromides 
1,3,5,8-tetrabromo-7-tert-butylpyrene 2e and 1,3,5,9-tetrabromo- 7-tert-butylpyrene 2f was 
obtained in the ratio of 7:3 (determined by 1H NMR spectra); 8) In fact, when 2e was treated 
with 2.5 mol equiv. of bromine in the presence of iron powder in CH2Cl2 solution at 28 oC for 
8 h, the expected product, 2f was obtained in 75% yield. 
Table 1. Bromination of 2-tert-butylpyrene 1 with various experimental conditions 




1 1 Br2-Fe 1.1 2a [90] 
2 1 BTMABr3 1.1 2a [83] 
3 1 Br2-Fe 2.0 2a [50], 2b [35] b 
4 1 BTMABr3 3.5 2b [76] 
5 1 Br2 3.5 2c [65] 
6 1 Br2-Fe 3.5 2d [25], 2f [50] b 
7 1 Br2-Fe 6.0 2f [84] 
8 2c Br2-Fe 2.5 2e [70], 2f [30] b 
9 2e Br2-Fe 2.5 2f [75] 
a The isolated yields are shown in square bracket. b Yields were determined by 1H NMR 
9) However, attempted isomerization of compound 2e to 2f with other Lewis acids, such as 
TiCl4, AlCl3 or FeCl3, performed under the same reaction conditions are failed, only the 
starting compound 2e was recovered quantitatively. Bromination of compound 1 in the 
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presence of iron powder to afford the number of bromo-substituted pyrene derivatives 2 was 
carried out under various reaction conditions and the detailed results were summarized in 
Table 1. 
5.2.2 Regioselective bromination mechanism of 2-tert-butyl pyrene (1) 
The relatively easy electrophilic substitution at a position ortho to a tert-butyl group (6- or 
8-position) on the pyrene ring is remarkable because usually the steric bulkiness of a 
tert-butyl group might be expected to direct the substitution towards other positions on the 
pyrene ring.7,8 This result is strongly attributable to the high reactivity of the 1-, 3-, 6- and 
8-positions on the pyrene ring. The tetrabromide 2f was obtained by the same 
FeBr3-catalyzed rearrangement in the bromination of tribromopyrenes 2c and 2d in the 
presence of iron powder. The above results strongly suggest that compounds 2c, 2d and 2e 




































Scheme 3 plausible regioselective bromination mechanism of 1  
In the present bromination reactions, what role of the FeBr3 played and induced 
rearrangement to form the 1,3,5,9- tetrabromo-7-tert-butylpyrene 2f is not clear, but the 
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reaction pathway have been exactly affected. As previously mentioned, the highly reactive 
electrophilic substitution at a position ortho to a tert-butyl group (1-, 3-, 6- or 8-position) on 
the pyrene ring is remarkable in spite of steric hindrance from the bulky tert-butyl group. 
This result is strongly attributed to the high reactivity of the 1-, 3-, 6- and 8-positions on the 
pyrene ring. However, owing to the increased steric crowdness between the 1-bromo group 
and the tert-butyl group at the 7-position of the pyrene ring in the kinetically controlled 
intermediate with bromophilic attack at the 6-position of pyrene ring, the bromine 
rearranges to the 5-position via a bromonium intermediate. This would be driven by the 
release of steric strain against the tert-butyl group and can be demonstrated by molecular 
models. Subsequently bromine addition to the pyrene ring at the 5-position is much more 
easy than to that at the 6-position. The present FeBr3-induced intramolecular bromine 
rearrangement affected by the bulkiness of the electrophiles which increases strain in the 
molecule and the value of the carbon–halogen bond energy. 
 
Scheme 4 Synthesize route of Compound 3 by Suzuki-Miyaura coupling reaction, Reagents and conditions: a) 
4-methoxylphenylboronic acids, [Pd(PPh3)4], Na2CO3, toluene/EtOH, 24 h, 90 °C. 
In order to investigate the bromo-substituted positions of the pyrene in detail, a series of 
aryl-substituted pyrenes (3) were prepared from the resultant bromopyrenes with 
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4-methoxyphenyl boronic acid through Pd-catalyzed cross-coupling reaction. 
Using the 4-methoxylphenyl group as effective substituent, several different shaped 
pyrenes derivative compounds  (3, 5 and 6) were synthesized and displayed in Scheme 4: 
7-tert-butyl-1-methoxylphenylpyrene (3a), 7-tert-butyl-1,3-dimethoxylphenylpyrene (3b), 
7-tert-butyl- 1,3,6-trimethoxyphenylpyrene (3c), 7-tert-butyl-1,3,5-tri- 
methoxylphenylpyrene (3d), 7-tert-butyl-1,3,5,8-tetramethoxyl- phenylpyrene (3e) and 
7-tert-butyl-1,3,5,9-tetramethoxylphenyl- pyrene (3f). Furthermore, for comparasion of 
optical properties and packing structure, 1,3,6,8-tetrakis(4-methoxylphenyl)pyrene (4) and 
2-tert-butyl-4,5,7,9,10-pentakis(4-methoxyphenyl)pyrene (5) were synthesized according to 
reported procedure17a and compiled in Scheme 4. The molecular structure of the compounds 
were characterized by their 1 H/13 C NMR spectra, X-ray diffraction, FTIR spectroscopy, 
mass spectroscopy, as well as elemental analysis. All analysis results released that the 
arylsubstituent pyrene 3 were strongly supported our conclusion previous predictions. 
As we know, the performance of the organic compounds in optoelectronic devices strongly 
relies on the molecular packing and arrangement manners in the active layer. Therefore, 
investigating the effect (relationship) on structure-properties between substituent group on 
pyrene-core with crystal structure and photophysical properties is significant for organic 
electroluminescence material. Herein, I expected that the integration of polymethoxylphenyl 
with pyrene core in a molecular structure may influence crystal packing, favorable optical 
and charge-transport properties properties that promising useful in optoelectronic devices. 
5.2.3 Description of crystal structures 
Previously, I reported that a series of Y-shaped aryl-substituted pyrenes with the 
electron-donating/withdrawing groups on para-position of the C6H4 rings inefficiently 
impacted the molecular packing in the solid-state.22a Konishi et al. have validated that the 
alkyl groups located at 1-, 3-, 6-, and 8-positions can play a significant role to tune the 
Xing Feng                                                       Saga University Japan 
99 
 
photophysical properties of pyrene derivatives.15 Here, we present a series of bromopyrene 
that not only bromination at active site (1-,3-,6- and 8-) but K-region (4- and 9-) positions of 
pyrene for further investigating the effect of the multiple methoxylphenyl group on the 
molecular packing and optical physical properties. Crystals of 3a–f and 4 suitable for X-ray 
structure analysis were grown from mixture solvent via slow evaporation under room 
temperament. I also attempted to collect suitable crystals of 3e and 5 also from various 
solvents or mixture solvent, but just yellow amorphous powder was obtained. Key 
crystallographic data was summaried in Table 2; crystal structures of each molecule are 
shown in Figure 1. 
 
Figure 1 X-ray structures of compounds 3. Hydrogen atoms are omitted for clarity 
With increasing the number of methoxylphenyl group on pyrene core and substituting at 
different position of 3a→e, the space group (orthorhombic for 3a, monoclinic for 3b, 
triclinic for 3c and 3d) became more asymmetry, it can be seen from the torsional angles 
between the methoxyphenyl group and pyrene core decreased from 65.4o to 48.1o. however, 
without tert-butyl group located at nodal planes of 2-/7- position in structure 4, the torsion 
angle unexpectedly bigger and up to 76.2 o than 3, the following order (4>3a>3c>3b>3d>3f) 
indicated that the individual molecules became more planar.27 
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Table 2 Summary of crystal data of pyrene derivatives 3 
Parameter 3a 3b 3c 3d 3f 4 
Empirical 




364.49 470.61 576.70 576.70 682.82 746.13 
Crystal 
system orthorhombic monoclinic Monoclinic triclinic triclinic monoclinic 
Space group P b c a P21/c P21/c P -1 P-1 P21/c 
a  [Å] 34.643(4) 18.815(14) 9.136 (2) 10.299(6) 12.642(2) 14.076(3) 
b  [Å] 11.0927(16) 15.629(11) 17.638 (4) 12.845(7) 12.960(2) 9.7666(19) 
c  [Å] 10.1811(13) 8.851(6) 19.524 (4) 13.482(12) 13.854(2) 26.439(5) 
  [°] - -  111.174(9) 86.048(2)°  
  [°] - 103.255(9) 98.252 (4)° 103.142(10) 67.354(2)° 95.169(15) 
  [°] - -  102.291(7) 60.942(2)°  
Volume [Å3] 3912.4(9) 2533(3) 3113.5 (12) 1531.8(19) 1811.4(5) 3619.8(13) 
Z 8 4 4 2 2 4 
Density, 
calcd [g m-3] 1.237 1.234 1.230 1.250 1.252 1.369 
Temperature 
[K] 113 123 150 296(2) 150(2) 113(1) 
Unique reflns 3495 5722 7734 5187 10122 6558 
Obsd reflns 2925 4734 6709 3075 7260 4612 
Parameters 257 330 500 397 476 473 
Rint 0.0475 0.0640 0.034 0.0535 0.0255 0.0362 
R[I>2(I)]a 0.0360 0.1034 0.048 0.0911 0.0475 0.0578 
wR[I>2(I)]b 0.1041 0.3036 0.146 0.2649 0.1413 0.1852 
GOF on F2 1.123 1.186 1.06 0.988 1.047 1.096 
a Conventional R on Fhkl: Σ||Fo| – |Fc||/σ|Fo|. b Weighted R on |Fhkl|2: Σ[w(Fo2 – Fc2)2]/Σ[w(Fo2)2]1/2 
 
Figure 2 Crystal packing of 3a contacts by hydrogen bond (upper) and simulative packing patter in crystal 
3a (down). 
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Colorless crystals of compound 3a suitable for X-ray crystallographic analysis were 
obtained by carefully crystallization in mixture solution of dichloromethane and hexane 
(1:2, v/v). The X-ray single crystal structure was depicted in Figure 2. It can be seen that 
the terminal-linked methoxylphenyl planes connecting with the pyrene core form a 
torsional angle and the torsion angle of 65.4° was observed between the pyrene and 
methoxyl phenyl rings, which means less π-conjugation between the pyrene core and 
methoxylphenyl moieties. The methoxyphenyl groups in this molecule could lay big dihedral 
angels with the plane of the centered pyrene ring to prevent undesirable face-to-face 
π-stacking. An interesting feature of the compound in the solid-state is that there is a 
molecular interaction of C-H…π bond (C19-H19…C3 = 2.884 Å, C21-H21…C7 = 2.852 Å, 
C23-H23…C13 = 2.883 Å) in every two neighboring molecules, thus, The strong 
interactions between two neighboring molecules cause a comparatively large twist angle 
between pyrene core and the methoxylphenyl fragment, and effectively suppress pyrene 
ring to formation the - stacking in the solid-state. The molecules pack in the herringbone 
motif, as shown in supporting information.. 
As shown in Figure 3, a similar herringbone packing pattern was found in compound 3b. 
The molecules also stacked in a uniform style adopting a slipped face to face and π–π 
stacking pattern along the c-axis with a centroid to centroid distance between the pyrene 
cores of 5.35 Å and a sliding angle of 28.9°; the slight reduction vs 1,3-diphenyl, 
7-tert-butylpyrene,22a maybe due to the electron donation of the methoxy group located at 
the 4-position of the arene ring. The introduction of methoxy groups at the 4-positions of 
the arene rings will increase the polarization of the molecules, as they enhance the electron 
richness of the entire molecular. So, the central pyrene ring of 3b becomes the hydrogen 
donor in the intermolecular interactions, and has a large number of intermolecular contacts 
shorter than observed in compound 7-tert-butyl-1,3-diphenylpyrene.22a 




Figure 3 Crystal packing of the polymorphs of 3b contacts by hydrogen bond (upper) and simulative packing 
patter in crystal 3b (down). 
In addition to the intermolecular interactions of the two molecules along the c-axis, they 
are linked by a C-H interaction between an aromatic hydrogen atom or tert-butyl 
hydrogen atom with the pyrene ring. Additionally, the compound 3b displayed a number of 
intramolecular CHn(O) (C22-H22O1 = 2.53 Å) interactions. These interactions between 
the aromatic hydrogen atom and the oxygen atom of the nearby methoxy group have been 
demonstrated to be energetically favorable.27, 28 
 
Figure 4 Crystal packing of the polymorphs of 3c contacts by hydrogen bond (upper) and simulative packing 
patter in crystal 3c (down). 
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Colorless rod crystal 3c suitable for X-ray diffraction was recrystallization in a mixture 
solution of CH2Cl2 and methanol by slowly evaporation at room temperature. Figure 4 
shows the X-ray single structure and packing structure. Crystal structure indicated the novel 
asymmetric substitution of the pyrene core. As expected, the methoxyphenyl group 
successfully substituted 6-position of pyrene with an approximately perpendicular torsion 
angle (88.6o). Due to 6- and 7-position was replaced by bulky methoxyphenyl moiety and 
tert-butyl group in a small region, respectively, where congest each other by electrostatic 
interaction cause some twofold tert-butyl group disorder with occupancy ratio 0.634:0.366 
for C18, C19 and C20, respectively. In the off-set packing system of 3c, two proximal 
pyrene molecular planes were s with central distance of 7.974 Å, no ··· stacking was 
observed. And the adjacent molecular were interacted by classical C-H··· bond 
(C34-H34···C1=2.841, C32-H32···C15 = 2.818, C23-H23···C10 = 2.844). It seems that the 
methoxyphenyl moiety and tert-butyl group cause the strong intermolecular steric 
hindrance in the packing system. 
  
a                    b                    c 
Figure 5 a) Crystal packing of the polymorphs of 3d contacts by hydrogen bond, b) simulative packing patter, c) 
A pair of ð-stacked molecules. 
Yellow needle single crystal was obtained from the mixture solution of dichloromethane 
of hexane = 1:1, the asymmetric portion of the unit of compound 3c contains one molecule 
(Figure 5). The molecule is nonplanar and the center of pyrene ring has slight bend, the 
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dihedral angel is 9.42º, possibly arise from unbalance electrostatic potential on the 
molecular surface.29 The interplanar angles between the central pyrene ring and the outer 
phenyl ring for each molecule are ranging from 44.09–57.63º. The crystal structure was 
arranged to column structure to the a axis, through essentially parallel, or near-parallel 
interactions between translationally equivalent molecules, each molecule is interlaced with 
adjacent columns ones along a-axis by the formation of - dimer with centroid-to-centroid 
distance of 4.07 Å and interplanar angle of 0º figure c, and by numerous C-H… bonds 
formed between the phenyl hydrogens and neighboring phenyl Figure 5. 
The suitable single crystal of compound 3d was cultivated from mixture of 
dichloromethane and methanol (3:1) and investigated by X-ray crystallography to establish 
the structure. The packing structure was shown in Figure 6. 
 
 
Figure 6 left) Crystal packing of the polymorphs of 3f contacts by hydrogen bond, right) simulative 
packing patter. 
An asymmetry molecular was included in a unit cell. The terminal moieties of 
methoxylphenyl rings adopt a reasonable twisted conformation with a dihedral angle 
relative to the pyrene ring, and the torsion angles is 48.1~56.2°. In the presence of tert-butyl 
group at the 7-positions of pyrene, and the four terminal moieties group twist reasonal 
dihedral angel with pyrene cores,  This conformation effectively prevents - stacking and 
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releases steric interactions in solid-state. The only C-H··· interaction were observed and 
availably to affect molecular geometries as well as prevent the excimer formation in the 
solid-state.30 
5.2.4 UV/vis and Fluorescence Spectroscopy 
The normalized UV/Vis absorption and fluorescence spectra for 3, 4 and 5 recorded in 
dichloromethane were shown in Fig. 7, and the corresponding photophysical parameters 
were summarized in Table 3. Except for 3c and 5, all molecules show very similar 
photophysical feature with well-resolved in short wavelength of 283305 nm and long 
wavelength of 347–391 nm, the absorption spectrum of 3→4 shows a maximum band at 347 
nm for 3a, 363 nm for 3b, 363 nm for 3d, 381 nm for 3e, 381 nm for 3f and 391 nm for 4, 
respectively. For 3c and 5, which have two absorption peaks centered at 395–304 nm and 
375–356 nm with a shoulder peak at 363–343 nm. Obviously, the number of substituent and 
substitution position (pathway) strongly influence the electronic absorption;2 the absorption 
maximum of 3 shows remarkable red-shift. This phenomenon should be arising from 
increasing the number of peripheral arms in this series, which extended the conjugation 
degree of the pyrene. The optical data is well consistent with those of single-crystal X-ray 
analysis. 
The longest absorption (λmax) of 3e and 3f exhibited approximately red shifted ca. 34 nm 
compared with 3a, indicating the HOMO−LUMO energy gap of 3 would decrease along with 
the conjugation length increased. Interestingly, For the hand-shaped compound 5, despite it 
has the most numbers of substitutents, the absorption does not shows a significant red-shift in 
comparison with those of 3e and 3f, which probably due to the nodal planes passed through 
the 2,7-positions lead to a low electronic density of pyrene moiety, indicating the 
2,7-substitutions have a weak influence on the electronic interaction.2 So the absorption did 
not show significantly red-shift in comparison with those of tetrasubstituted derivatives (3e 
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and 3f). And the results have also been proved by DFT calculations (mentioned below). For 
the emission spectra, all compounds show intensity emission in the blue region (391–434 
nm). The emission maxima of 3 and 4 are bathochromically shifted depending on the 
numbers of methoxylphenyl units, which shows an identical variation trend to their 
absorption spectra. No characteristic excimer fluorescence was observed in each spectrum. 
It is worth noting that 1,3,5,8-functionalized pyrenes 3e exhibits an emission with ëem 
values of 420 nm, which almost overlaps with the emission spectrum (421 nm) of 
1,3,5,9-functionalized pyrenes (3f). Generally, the substitution pattern of the pyrene moiety 
has a substantial effect on the fluorescence wavelength, and the effect of substituted at 1-, 3-, 
6- and 8-positions for the S1←S0 excitations is more importance than at K-region of 5 and 
9-positions.2 In the case of 3e/3f, the less red-shifts in their electronic absorption profiles 
indicate that the structural changes and/or electronic distribution changes can cause an 
electronic communication missing within the pyrene cores.31 For 5, a deep-blue emission 
was observed with a maximum peak at 411 nm and a shoulder at 430 nm in solution. 
 
Figure 7 (a) Normalized UV-vis absorption and (b) emission spectra of compounds 3 recorded in 
dichloromethane at ca. ~10–5–10-6 M at 25 °C. 
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Table 3. The Photophysical and electrochemical properties of compounds 3a–f, 4 and 5. 
Compd max abs (nm)
 
solnsa  filmsb 
max PL (nm) 







 a Tmf/Tdg(°C) 
3a 347 -- 391, 407 -- 0.41/nd -5.06 / -1.41 3.65d (3.30)e 8.6 141.2/282 
3b 363 372 402 450 0.56/0.58 -4.93 / -1.41 3.51 (3.17) 8.9 167/173 
3c 363, 375 380 406 471 0.71/0.28 -4.84 / -1.39 3.46 (3.13) 5.2  
3e 381 388 420 441 0.76/0.58 -4.76 / -1.39 3.37 (3.03) 2.2 240/399 
3f 381 369 421 443 0.90/0.72 -4.76 / -1.36 3.40 (3.03) 2.0 330/410 
5 391 405 434 488 0.94/nd -4.71 / -1.47 3.24 (2.94) 1.9 271/nd 
6 343, 356 357 411, 433 414 0.24/0.17 -4.93 / -1.22 3.70 (3.31) 18.8 nd/433 
a Maximum in dichloromethane at room temperature. b Measured in thin neat films. c Measured in 
dichloromethane and in neat thin films, respectively. d Calculation by DFT (B3LYP/6–31G*). e estimated 
from UV-vis absorption spectra. f Melting temperature (Tm) obtained from differential scanning calorimetry 
(DSC) measurement. g Decomposition temperature (Td) obtained from thermogravimetric analysis (TGA). 
The UV/Vis absorption and emission spectra of selected pyrenes in the solid-state are 
shown in Figure 8, and the optical data are summarized in Table 3. Compared with the 
corresponding solutions, the absorption of 3b–e, 4 and 5 films present slight red-shift due to 
the aggregations (less than 10 nm) (Fig. 8). However, the absorption of 3f in films shows a 
slight blue-shift in comparison with that in solution. This unusual blue shift might be due to 
the increased torsion angles between the pyrene core with methoxyphenyl groups in the 
solid-state, which can result in a less -conjugation degree of the dendrimer.31 The emission 
maximum of 3b, 3c, 3e and 3f in thin film exhibited red-shifted ≤ 48 nm relative to those in 
solution (Table 3). With the increasing of the numbers of substituents, the red-shift decreased 
with the following order of 5 (3 nm) < 3f (22 nm) ≈ 3e (21 nm) < 3b (48 nm) < 4 (54 nm) < 
3c (65 nm), indicating the 4-methoxyphenyl groups and the bulky tert-butyl group can 
efficiently suppress the aggregations of the pyrene cores. However, owing to the strong 
face-to-face  stacking in the solid-state, the poor film formation of 3c caused a high 
noise level.32 
Also, the 1,3,6,8-tetrakis(4-methoxyphenyl)pyrene 418 trends to form single-crystals in the 
solid-state that caused a high noise level from PL. Tetra-subsituted pyrenes 3e and 3f 
exhibited clear and sharp emission peaks in blue-region without extra excimer emissions in 
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the soild-state owing to the bulky tert-butyl group located at 7-position of the pyrene ring 
suppress the aggregations. Compound 3 also presents a very high fluorescence quantum 
yields (fc) of range from ~0.94 in solution. For comparison, the quantum yields of 3b, 3c, 3e 
and 3f in solid-state also were investigated (0.58 for 3b, 0.28 for 3c, 0.58 for 3e and 0.72 for 
3f). However, for 5 low fluorescence quantum yields in both solution and the solid-state were 
obtained due to energy loss might happen during the excitons migration.34 Excellent optical 
features were obtained in these compounds, which make them potential useful in modern 
optoelectronic devices, such as blue emitters in OLEDs, or as models for further exploring a 
new generation of organic materials based on pyrene. 
 
Figure 8 (a) Normalized UV-vis absorption and (b) emission spectra of 3 and 5 in thin neat films. 
5.2.5 Quantum Chemistry Computation 
To gain further insight into the effect of multi-substituents and pathway on electronic 
structure and spectral properties of compounds 3, 4 and 5, Quantum chemical calculations 
were calculated using the DFT method at the B3LYP/6–31G* level. The calculated energies 
of the frontier molecular orbitals are presented in Fig. 9. 
A scrutiny of on the electronic structures reveals that both HOMO and LUMO of 3 were 
primarily delocalized over entire pyrene component, as well as slightly in peripheral phenyl 
moiety, the only difference being in the energy of these frontier molecular orbitals, which in 
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turn relied on the system architecture. For instance, with the number of substitution 
increasing in the compounds from 3a-f to 5, the HOMO is ranged from -4.71eV to -5.06eV, 
and stabilized by 0.35 eV, whereas a sizable shrinking of the HOMO−LUMO gap by 0.30 eV 
with respect to 3a, Therefore, the stabilizing effect of multiple substituent is greater for the 
HOMO than for the LUMO, that in good agreement with energy gap trends obtained from the 
lowest UV/vis absorption values (Egap opt = 0.30 eV) and DFT calculations (ÄEgap calc = 0.28 
eV, respectively, Table 3). Compared with 3e/3f and 5, the presence of the tert-butyl group at 
the 7-position, would lead to a higher energy gap by lowing the molecular LUMOs. It is 
easily to understand that the HOMOs and LUMOs of the representative molecules on the 
bathochromic shift in the absorption from the mono-substituted 3a to the tetra-substituted 
pyrenes 5 and 3e/3f, with substituent group increased, the bathochromic shifts in the 
absorption were observed from 3a to 3d/3e/3f and 4, those results suggest that more effective 
conjugation occurred in 3f and 4. The penta-substituted pyrenes 5 inhibits special higher ÄE 
because of the substituted group at the K-region in favor of blue-shift by improving energy 
gap of molecular structure, especially, the methoxyphenyl group located at the 7-position 
shows weak electronic coupling properties.4 These conclusions are also well consistent with 
our quantum chemical calculations. 
 
Figure 9 Computed molecular orbital plots (B3LYP/6–31G*) of compounds of 3 and 5; The upper plots 
represent the HOMOs, and the lower plots represent the LUMOs. 




In summary, the bromination mechanism of the pyrene was explored by experimental 
method in detail. Clearer evidence are the mono- to tetra-4-methoxyphenyl-substituted 
pyrenes (3), which were synthesized by Suzuki-Miyaura cross-coupling reaction of the 
corresponding bromopyrenes with 4-methoxyphenyl boronic acid, and characterized by 
single-crystal X-ray diffraction, 1H/13C NMR spectra, Mass spectroscopy as well as element 
analysis. These results made our conclusions on bromination mechanism convictively, 
regioselectively to generate the mono- to tetra-bromopyrene from the 2-tert-butylpyrene (1) 
via the stepwise eletrophilic substitution under the FeBr3-catalyzed rearrangements. The 
series of new molecular materials that combine excellent optical features and improved 
thermal stabilities, which make them potential candidates in optoelectronic applications 
such as OLED-like devices. And further investigations on their promising useful in organic 
electroluminescent devices are in progress in our laboratory. 
5.4 Experimental Section 
Material: Unless otherwise stated, all other reagents used were purchased from commercial sources and used 
without further purification. The preparation of 2-tert-butylpyrene (1)34 and 2,7-di-tert-butylpyrene was 
described previously.7,8 
 
Synthesis of 2-tert-butylpyrene (1) 
A mixture of pyrene 1 (5 g, 24.2 mmol) and 2-chloro-2-methyl- propane (2.62 g, 3.23 mL) was added in 40 
mL of CH2Cl2 at 0 °C and stirred for 15 min. Powdered anhydrous AlCl3 (3.62 g, 27.2 mmol) was slowly 
added to a stirred solution. The reaction mixture was continuously stirred for 3h at room temperature and the 
reaction process was tracked by GC, then poured into a large excess of ice/water. The reaction mixture was 
extracted with dichloromethane (2  50 mL). The combined organic extracts were washed by water and brine, 
dried with anhydrous MgSO4 and evaporated. The residue was crystallized from hexane to afford pure 
2-tert-butylpyrene (1) (4.56 g, 71%) as a gray powder. Recrystallization from hexane gave 2 as colorless 
prisms. M.p. 111.5–113.2 °C (lit.35 M.p. 110–112 °C). The 1H NMR spectrum completely agreed with the 
reported values. 1H NMR (300 MHz, CDCl3): äH = 1.59 (s, 9H, tBu), 8.18 (d, J = 9.2 Hz, 2H, pyrene-H), 8.30 
(s, 2H, pyrene-H), 8.37 (d, J = 9.2 Hz, 2H, pyrene-H), 8.47 (s, 1H, pyrene-H). 
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Synthesis of 1-bromo-7-tert-butylpyrene (2a)  
Run 1: A solution of benzyltrimethylammanium tribromide (BMTABr3) (7.57 g, 19.4 mmol) in dry CH2Cl2 
(50 mL) was slowly added to a solution of 2-tert-butyl (1) (5g, 19.4mmol) in dry CH2Cl2 (150mL) at 0 °C 
under nitrogen atmosphere. The resulting mixture was allowed to slowly warm up to room temperature and 
stirred overnight. The reaction mixture was quenched with Na2S2O3 and extracted with dichloromethane (50 
mL x 2). The combined organic extracts were dried with anhydrous MgSO4 and evaporated. And the residue 
was crystallized from hexane to give pure 1-bromo-7- tert-butylpyrene (2a) (5.5g) in 90% yield as white 
crystal. The 1H NMR spectrum completely agreed with the reported values.22b 1H NMR (300 MHz, CDCl3): δ 
(TMS, ppm) 1.59 (s, 9H, tBu), 7.99 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.79Hz, 1H), 8.08 (d, J = 9.0Hz, 1H), 
8.17 (d, J = 10 Hz, 1H), 8.20 (d, J = 8.22 Hz, 1H), 8.27–8.27 (m, 2H), 8.40 (d, J = 9.0 Hz, 1H). 
 
Run 2: Lewis Acid-Catalysed Bromination of 2-tert-butylpyrene: A mixture of 2-tert-tutylpyrene (1) (0.26 
g, 1 mmoL) and iron powder (0.56g, 10 mmoL) were added in CH2Cl2 (10 mmoL) at 0 °C for stirring 30mins, 
a solution of Br2 (0.051mL, 1mmoL) in CH2Cl2 (10 mmoL) was slowly added dropwise with vigorous stirring. 
After this additional, the reaction mixture was continuous stirred for 5h at room temperature. The mixture was 
quenched with Na2S2O3 (10%) and extracted with dichloromethane (20 mL x 2). The combined organic 
extracts were washed by water and brine and evaporated. The crude product shows black color, the residue 
was recrystallized from mixture solvent of methanol and hexane (1:2) to give pure 
2-tert-butyl-6-bromo-pyrene 290 mg in 83% yield as white powder. 
 
Synthesis of 7-tert-Butyl-1,3-dibromopyrene (2b) 
Run 3: A mixture of 2-tert-Butylpyrene (1) (0.26g, 1 mmoL) and iron powder (0.56g, 10 mmoL) were added 
in CH2Cl2 (10 mmoL) at 0 °C for stirring 30mins, a solution of Br2 (0.105mL, 2 mmoL) in CH2Cl2 (10 mmoL) 
was slowly added dropwise with vigorous stirring. After this additional, the reaction mixture was continuous 
stirred for 5h at room temperature. The mixture was quenched with Na2S2O3 (10%) and extracted with 
dichloromethane (20 mL x 2). The combined organic extracts were washed by water and brine and evaporated. 
The crude product shows black color, the residue was washed by hot hexane and filtered to afford 
2-tert-butyl-6,8-dibromo-pyrene (2b) 146mg (35%), the solution was evaporated and recrystallized in mixture 
solution of CH2Cl2 and hexane (1:2) to give pure 2-tert-butyl-6-bromo-pyrene (2a)170 mg in 50% yield as 
white powder. 
 
Run 4: To a mixture of 2-tert-butylpyrene (1) (2.58 g, 1 mmol) in CH2Cl2 (30 mL) was added dropwise a 
solution of BTMABr3 (benzyltrimethylammonium tribromide) (4.41 g, 3.5 mmol) in CH2Cl2 (20 mL) at 0 °C 
for 1 h under argon atmosphere. The resulting mixture was allowed to slowly warm up to room temperature 
and stirred overnight. The reaction mixture was poured into ice-water (60 mL) and neutralized with an 
aqueous 10 % Na2S2O3 solution. The mixture solution was extracted with dichloromethane (2  50 mL). The 
organic layer was washed with water (2  20 mL) and saturated brine (20 mL), and then the solution was 
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dried (MgSO4) and condensed under reduced pressure. The crude compound was washed with hot hexane to 
afford pure 7-tert-butyl-1,3-dibromopyrene 3 (3.02 g, 76%) as a colourless solid. Recrystallization from 
hexane gave 3 as a gray solid, M.p. 199.5–201.2 °C. 
 
Run 5: Synthesis 1,3,6-tribromo-7-tert-butylpyrene (2c)25 
2-tert-Butylpyrene (1) (1.3g, 5.03 mmoL) was dissolved in CH2Cl2 (20 mL) and stirred for 30min at 25 °C, To 
this solution was added Br2 (10 mL, 19.4 mmoL) and violently stirred for 24 h, The reaction mixture was 
poured into ice-water (50 mL) and neutralized with an aqueous 10 % Na2S2O3 solution, the mixture was 
extracted with dichloromethane (2  50 mL), and organic layer was washed by brine and evaporated. The 
residue was recrystallized in mixture solution of CH2Cl2 and Hexane (2:1) to afford 2c 1.6g (65%). M.p. 
276–277 °C. The 1H NMR spectrum completely agreed with the reported values.[25] 1H NMR (300 MHz, 
CDCl3) H: 1.81 (s, 9H, tBu), 8.08 (d, J = 9.2 Hz, 1H, pyrene-H), 8.10 (s, 1H, pyrene-H), 8.34 (d, J = 8.58 Hz, 
1H, pyrene-H), 8.39 (d, J = 9.7 Hz, 1H, pyrene-H), 8.46 (s, 1H, pyrene-H), 8.85 (d, J = 9.7 Hz, 1H, 
pyrene-H) . 
 
Run 6: Lewis Acid-Catalysed Bromination of 2-tert-butylpyrene 
 A mixture of 2-tert-butylpyrene (1) (0.26g, 1 mmoL) and iron powder (0.56g, 10 mmoL) were added in 
CH2Cl2 (10 mmoL) at 0 °C for stirring 30mins, a solution of Br2 (0.153mL, 3mmoL) in CH2Cl2 (10 mmoL) 
was slowly added dropwise with vigorous stirring. After this additional, the reaction mixture was continuous 
stirred for 5h at room temperature. The mixture was quenched with Na2S2O3 (10%) and extracted with 
dichloromethane (20 mL x 2). The combined organic extracts were washed by water and brine and evaporated. 
The crude product was washed by hot hexane to afford mixture white compound 2d and 2f in 430 mg , the 
mixture is different to separate by common technical. The yield was evaluated by 1HNMR and 25% for 2d, 
50% for 2f, respectively. And the product cannot further been separated by High-speed Counter- current 
Chromatography (HSCCC) and used for the Suzuki coupling reactions. 
 
Run 7: Synthesis 1,3,5,9-tetrkisbromo-7-tert-butyl-pyrene (2f) 
Lewis Acid-Catalysed Bromination of 2-tert-butylpyrene (2): A mixture of 2-tert-butylpyrene (0.512g, 2 
mmoL) and iron powder (0.56g, 10 mmoL) were added in CH2Cl2 (10 mmoL) at 0 °C for stirring 15mins, a 
solution of Br2 (0.41mL, 8mmoL) in CH2Cl2 (15 mmoL) was slowly added dropwise with vigorous stirring. 
After this additional, the reaction mixture was continuous stirred for 4h at room temperature. The mixture was 
quenched with Na2S2O3 (10%) and extracted with dichloromethane (50 mL x 2). The combined organic 
extracts were washed by water and brine and evaporated. The crude product shows gray color, Due to the 
crude product was insoluble in general common organic solvents as benzene and hexane, methanol etc. just 
slight dissolved in CH2Cl2 or CHCl3. So the residue was dissolved in hot CHCl3 and filter, the mother solution 
was crystallized from CHCl3 to give pure 7-tert-butyl-1,3,5,9-tetrakisbromo-pyrene 978mg), in 84% yield as 
white powder. M.p. 303.4-305.0 °C. max (KBr)/cm-1 2962, 2365, 1579, 1523, 1461, 1425, 1392, 1363, 1267, 
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1195, 1132, 1027, 1012, 941, 877, 809, 655, 474. 1H NMR (300 MHz, CDCl3) H: 1.65 (s, 9H, tBu), 8.47 (s, 
1H, pyrene-H2), 8.71 (s, 2H, pyrene-H), 8.79 (s, 2H, pyrene-H). Due to the solubility is poor; it was not 
further identified by 13C NMR. FAB-HRMS: m/z calcd. for C20H14Br4 573.78; found 573.62 [M+]. Anal. Calcd 
for C20H14Br4: C 41.85, H 2.46; Found: C, 42.05; H 2.53. 
 
Run 8: Lewis Acid-Catalysed Bromination of 1,3,6-tribromo-7-tert-butyl-pyrene (2c) : A mixture of 
7-tert-butyl-1,3,6-tribromo pyrene (2c)  (200mg, 0.4 mmoL) and iron powder (100mg, 1.8 mmoL) were 
added in CH2Cl2 (15 mmoL) at 0 °C for stirring 15mins, a solution of Br2 (0.052 mL, 1.01 mmoL) in CH2Cl2 
(5 mmoL) was slowly added dropwise with vigorous stirring. After this additional, the reaction mixture was 
continuous stirred for 4h at room temperature. The mixture was quenched with Na2S2O3 (10%) and extracted 
with dichloromethane (20 mL x 2). The combined organic extracts were washed by water and brine and 
evaporated. The crude product with greenish yellow color (240 mg), Due to the crude product was insoluble 
in general common organic solvents as benzene and hexane, methanol, even just slight dissolved in CH2Cl2 or 
CHCl3. So the crude was dissolved in hot CHCl3 and filter, the residue was dried and identified by 1 H NMR. 
The yield was evaluated by 1HNMR and 70% for 2e, 30% for 2f, respectively. And the product was not 
further separated and used for the Suzuki coupling reaction. For 2e, 1H NMR (300 MHz, CDCl3) H: 1.84 (s, 
9H, tBu), 8.46 (d, J = 9.5 Hz, 1H, pyrene-H), 8.76 (s, 1H, pyrene-H), 8.85 (s, 1H, pyrene-H), 8.91 (d, J = 9.9 
Hz, 1H, pyrene-H). The 1H NMR spectrum of 2f completely agreed with the reported values. 
 
.Run 9: Lewis Acid-Catalysed Bromination of 2e 
A mixture of 2e/2f (100mg, 0.17 mmoL) and iron powder (50mg, 0.9 mmoL) were added in CH2Cl2 (15 
mmoL) at 0 °C for stirring 15mins, a solution of Br2 (0.025 mL, 1.01 mmoL) in CH2Cl2 (5 mmoL) was slowly 
added dropwise with vigorous stirring. After this additional, the reaction mixture was continuous stirred for 8h 
at room temperature. The mixture was quenched with Na2S2O3 (10%) and extracted with dichloromethane (20 
mL x 2). The combined organic extracts were washed by water and brine and evaporated. the residue (85mg) 
was dried and identified by 1 H NMR. The yield was evaluated by 1HNMR and 30% for 2e, 70% for 2f, 
respectively.  
 
Synthesis of methoxylphenyl substituent pyrene derivatives 3 
The multifarious of pyrene derivatives 3 were synthesized from resultant bromopyrenes with 
4-methoxylphenyl boronic acid by Suzuki-cross coupling reaction in good to well yield. Although the mixture 
bromopyrene of 2d/2f and 2e/2f can’t separated well, respectively, the final products 3d/3f and 3e/3f were 
isolated by column chromatography without complication technics. 
 
7-tert-butyl-1-(4-methoxyphenyl) pyrene (3a): A mixture of 7-tert-butyl-1-ibromopyrene 2a (400 mg, 1.2 
mmoL), 4-methoxyphenyl boronic acid (303 mg, 2.0 mmoL) in toluene (12 mL) and ethanol (4 mL) at room 
temperature was stirred under argon, and K2CO3 (2 M, 20 mL) solution and Pd(PPh3)4 (70 mg, 0.06 mmol) 
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were added. After the mixture was stirred for 30 min. at room temperature under argon, the mixture was 
heated to 90C for 24 h with stirring. After cooling to room temperature, the mixture was quenched with water, 
extracted with CH2Cl2 (3  10 mL), washed with water and brine. The organic extracts were dried with 
MgSO4 and evaporated. The residue was purified by column chromatography eluting with 
(CH2Cl2/hexane,2:1) to give 3a as a white solid. Recrystallization from (CH2Cl2/hexane, 1:1) gave 
7-tert-butyl-1-(4-methoxyphenyl) pyrene (3a) (235 mg, 54.4 %) as transparent crystal. M.p. 141.2-143.5C; 
IR (KBr): max = 2952, 1604, 1520, 1496, 1437, 1246, 1172, 1032, 878, 849, 826, 729, 681, 567, 526, 489 
cm-1; 1H NMR (300 MHz, CDCl3): H = 1.58 (s, 9H, tBu), 3.93 (s, 3H, OMe), 7.10 (d, J = 8.7 Hz, 2H, Ar-H), 
7.56 (d, J = 8.7 Hz, 2H, Ar-H), 7.92 (d, J = 7.8 Hz, 1H, pyrene-H), 7.99 (d, J = 9 Hz, 1H, pyrene-H), 8.05 (s, 
2H, pyrene-H), 8.15 (d, J = 1.8 Hz, 1H, pyrene-H), 8.18 (d, J = 2.4 Hz, 1H, pyrene-H), 8.22 (d, J = 1.8 Hz, 
1H, pyrene-H); 13C NMR(75 MHz, CDCl3):  = 158.9, 149.1, 137.2, 133.7, 131.6, 131.3, 130.8, 130.2, 128.4, 
127.5, 127.4, 127.29, 127.26, 125.2, 124.9, 124.4, 123.2, 122.3, 122.0, 113.8, 55.4, 35.2, 31.9 ppm; MS: m/z 
364.2 [M]+; elemental analysis calcd. (%) for C27H24O (364.5): C 88.97, H 6.64; found: C 87.88, H 6.62. 
 
7-tert-Butyl-1,3-bis(4-methoxyphenyl)pyrene (3b) was obtained as yellow prisms (CH2Cl2/hexane, 1:1) 
(151mg, 65 %). M.p. 167°C; IR (KBr): max = 2958, 1610, 1512, 1498, 1456, 1396, 1363, 1286, 1246, 1174, 
1039, 877, 835, 727, 660, 607, 580, 553, 418 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.58 (s, 9 H, 
pyrene-tBu), 3.93 (s, 6 H, OMe), 7.10 (d, J = 8.8 Hz, 4H, Ar-H), 7.60 (d, J = 8.6 Hz, 4H, Ar-H), 7.91 (s, 1H, 
pyrene-H), 8.00 (d, J = 9.4 Hz, 2H, pyrene-H), 8.18 (d, J = 9.33 Hz, 2H, pyrene-H). 8.19 ppm (s, 2H, 
pyrene-H); 13C NMR(75 MHz, CDCl3):  = 159.0, 149.1, 136.8, 133.5, 131.7, 131.2, 129.1, 127.6, 127.4, 
125.4, 125.2, 123.5, 122.0, 113.8, 55.4, 35.2, 31.9 ppm; MS: m/z 470.2 [M]+; elemental analysis calcd. (%) for 
C34H30O2 (470.2): C 86.77, H 6.43; found: C 86.53, H 6.41. 
 
7-tert-Butyl-1,3,6-tris(4-methoxyphenyl)pyrene (3c) was obtained as yellow needle crystal. (CH2Cl2/hexane, 
3:1) (113 mg, 68.5%).IR (KBr): max = 2958, 1610, 1512, 1498, 1456, 1396, 1363, 1286, 1246, 1174, 1039, 
877, 835, 727, 660, 607, 580, 553, 418 cm-1; 1H NMR (300 MHz, CDCl3): H = 1.41 (s, 9 H, pyrene-tBu), 
3.86 (s, 3 H, OMe), 3.91 (s, 6 H, OMe), 7.00 (d, J = 8.0 Hz, 4H, Ar-H), 7.08 (d, J = 8.4 Hz, 2H, Ar-H), 
7.24-7.36 (m, 1H, pyrene-H, 2H, Ar-H ), 7.51 (d, J = 8.4 Hz, 2H, Ar-H), 7.58 (d, J = 8.4 Hz, 2H, Ar-H), 7.89 
(s, 1H, pyrene-H), 7.97 (d, J = 9.6 Hz, 1H, pyrene-H), 8.00 (d, J = 9.6 Hz, 1H, pyrene-H), 8.18 (d, J = 9.2 Hz, 
2H, pyrene-H), 8.37 ppm (s, 1H, pyrene-H); 13C NMR(75 MHz, CDCl3):  = 158.9, 158.88, 158.7, 146.3, 
136.8, 136.6, 136.58, 134.1, 133.6, 133.4, 133.1, 132.1, 131.7, 131.6, 130.5, 129.2, 127.9, 127.5, 127.1, 126.0, 
125.1, 124.7, 123.4, 123.4, 113.8, 113.7, 112.8, 55.38, 55.36, 55.29, 37.2, 33.1 ppm; MS: m/z 576.02 [M]+; 
elemental analysis calcd. (%) for C41H36O3 (576.27): C 85.39, H 6.29; found: C 85.22, H 6.41. 
 
Synthesis of 7-tert-butyl-1,3,5-tri(4-methoxyphenyl)pyrene (3d) and 1,3,5,9-tetrakis 
(4-methoxyphenyl)pyrene (3f) 
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 A mixture of 2d/2f (200 mg, 0.30mmoL), 4-methoxyphenyl boronic acid (320 mg, 5.0 mmoL) in toluene (12 
mL) and ethanol (4 mL) at room temperature was stirred under argon, and K2CO3 (2 M, 20 mL) solution and 
Pd(PPh3)4 (70 mg, 0.06 mmol) were added. After the mixture was stirred for 30 min. at room temperature 
under argon, the mixture was heated to 90 C for 24 h with stirring. After cooling to room temperature, the 
mixture was quenched with water, extracted with CH2Cl2 (3  15 mL), washed with water and brine. The 
organic extracts were dried with MgSO4 and evaporated. The residue was firstly purified by column 
chromatography eluting with (CH2Cl2/hexane, 2:1) to give mixture of 
7-tert-butyl-1,3,5-tri(4-methoxyphenyl)pyrene 3d and 7-tert-butyl-1,3,5-tri(4-methoxyphenyl)pyrene 3f (20 
mg) as yellow prisms, the mixture was recrystalized in mixture toluene solution afford few 3d crystals, the 
mixture was different to further separated by HSCCC. so the further detail information (such 13C NMR, MS, 
element analysis) of  3d can not obtained. Contiuning subjected to increase polarity of eluate with CH2Cl2 
only to give 7-tert-butyl-1,3,5,9-tetra(4-methoxyphenyl) pyrene 3f (40 mg) as a yellow solid. The 1H NMR 
spectrum of 3f was completely agreed with the reported values18: M.p. 407.5 C;  IR (KBr): max= 2954, 
1610, 1510, 1461, 1442, 1367, 1288, 1246, 1174, 1107, 1036, 831, 586, 543 cm-1. 1H NMR (300 MHz, 
CDCl3):　H: 1.38 (s, 9H, tBu), 3.90 (s, 6H, OMe), 3.92 (s, 6 H, OMe), 7.05 (d, J = 1.6 Hz, 4H, Ar-H), 7.08 (d, 
J = 3.1 Hz, 4H, Ar-H), 7.57 (d, J = 8.8 Hz, 4H, Ar-H), 7.60 (d, J = 4.4 Hz, 4H, Ar-H ), 7.92 (s, 1H, pyrene-H), 
8.12 (s, 2H, pyrene-H), 8.30 (s, 2H, pyrene-H). 13C NMR (75 MHz,CDCl3): ä = 159.0, 158.9, 148.5, 139.1, 
136.7, 133.9, 133.7, 131.7, 131.2, 130.8, 129.7, 127.3, 125.6, 121.2, 113.9, 113.8, 55.4, 31.7 MS: m/z 682.19 
[M]+; elemental analysis calcd. (%) for C48H42O4 (682.84): C 84.43, H 6.20; found C 93.59, H 5.90. 
 
Synthesis of 7-tert-butyl-1,3,5,8-tetrakis(4-methoxyphenyl) pyrene (3e) 
 A mixture of 7-tert-butyl-1,3,5,8-tetrakisbromopyrene 2e and  7-tert-butyl-1,3,5,9-tetrakisbromopyrene 2f 
(200 mg, 0.35 mmoL), 4-methoxyphenylboronic acid (303 mg, 2.0 mmoL) in toluene (12 mL) and ethanol (4 
mL) at room temperature was stirred under argon, and K2CO3 (2 M, 20 mL) solution and Pd(PPh3)4 (70 mg, 
0.06 mmol) were added. After the mixture was stirred for 30 min. at room temperature under argon, the 
mixture was heated to 90C for 24 h with stirring. After cooling to room temperature, the mixture was 
quenched with water, extracted with CH2Cl2 (3  15 mL), washed with water and brine. The organic extracts 
were dried with MgSO4 and evaporated. The residue was purified by column chromatography eluting with 
CH2Cl2 to give mixture of 7-tert-butyl-1,3,5,8-tetraki (4-methoxyphenyl) pyrene 3e  as yellow powder. M.p. 
240.0−241.2 C; Recrystallization from (CH2Cl2/hexane, 4:1) gave 3e, (100 mg, 42%) as yellow powder, and 
contiune subjected to increase polarity of eluate with CH2Cl2 only to give 
7-tert-butyl-1,3,5,9-tetrakis(4-methoxy- phenyl)pyrene 3f (40 mg， 17%) as a yellow solid. IR (KBr): max = 
2954, 1607, 1507, 1462, 1440, 1288, 1246, 1177, 1105, 1037, 832, 808, 548, 526, 472 cm-1; 1H NMR (300 
MHz, CDCl3): H = 1.30 (s, 9H, pyrene-tBu), 3.88 (s, 3H, OMe), 3.89 (s, 3H, OMe), 3.92 (s, 6H, OMe), 7.00 
(m, 8H, Ar-H), 7.29 (d, J = 8.4 Hz, 2H, Ar-H), 7.35 (d, J = 9.5 Hz, 2H, pyrene-H), 7.54 (d, J = 8.61 Hz, 2H, 
2H, Ar-H), 7.59 (d, J = 8.43 Hz, 2H, Ar-H), 7.60 (d, J = 8.61 Hz, 2H, Ar-H), 7.90 (s, 1H, pyrene-H), 7.97 (d, J 
= 9.69 Hz, 1H, pyrene-H) 8.12 (s, 1H, pyrene-H), 8.51 ppm (s, 1H, pyrene-H). 13C NMR(75 MHz, CDCl3):  
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= 159.0, 158.9, 158.7, 146.0, 138.9, 136.9, 136.6, 136.3, 134.2, 133.6, 133.5, 133.1, 132.2, 131.62, 131.59, 
131.2, 129.7, 129.5, 127.7, 127.0, 126.1, 125.5, 124.6, 124.5, 123.8, 122.5, 113.9, 113.81, 113.77, 113.71, 
112.9, 55.35, 55.29, 37.5, 33.0 ppm; MS: m/z 685.55 [M]+; elemental analysis calcd. (%) for C48H42O4 
(682.84): C 84.43, H 6.20; found: C 81.90, H 6.15. The 1H NMR spectrum of 3f was completely agreed with 
the reported values.18 
 
7-tert-Butyl-1,3,5,9-tetrakis(4-methoxyphenyl)pyrene (3f) 
 A mixture of 7-tert-butyl-1,3,5,9-tetrabromopyrene 2f (200 mg, 0.35 mmoL), 4-methoxyphenylboronic acid 
(266 mg, 1.75 mmoL) in toluene (12 mL) and ethanol (4 mL) at room temperature was stirred under argon, 
and K2CO3 (2 M, 20 mL) solution and Pd(PPh3)4 (70 mg, 0.06 mmol) were added. After the mixture was 
stirred for 30 min. at room temperature under argon, the mixture was heated to 90 C for 24 h with stirring. 
After cooling to room temperature, the mixture was quenched with water, extracted with CH2Cl2 (3  15 mL), 
washed with water and brine. The organic extracts were dried with MgSO4 and evaporated. The residue was 
purified by column chromatography eluting with CH2Cl2 to give 3d  as yellow powder. Recrystallization 
from (CH2Cl2/hexane, 3:1) gave 7-tert-butyl-1,3,5,9-tetrakis(4-methoxyphenyl)pyrene (3f) (154 mg, 64.7%) 
as a yellow solid.  
 
Synthesis of 1,3,6,8-tetrakis(4-methoxyphenyl)pyrene (4)18 
 1,3,6,8-Tetrabromopyrene (200 mg, 0.386 mmoL), p-methoxyphenylboronic acid (468 mg, 3.8 mmoL), and 
Pd(PPh3)4 (50 mg, 0.04 mmoL) and aqueous 2.0 M NaOH (2 mL) were mixed in a flask containing with 
argon saturated toluene (8 mL). The reaction mixture was stirred at 90 °C for 20 h. After it was cooled to 
room temperature, the reaction mixture was extracted with dichloromethane (20 mL  2). The combined 
organic extracts were dried with anhydrous MgSO4 and evaporated. The crude product was purified by 
column chromatography using hexane/dichloromethane (2:3) as eluent to provide a pale powder and 
recrystalized from hexane to afford 1,3,6,8-tetrakis(4-methoxyphenyl)pyrene 6 as yellow powder (50 mg, 
21%). Mp 270.5–272.8 °C. max (KBr)/cm-1 2952, 1608, 1513, 1494, 1459, 1286, 1245, 1176, 1106, 1035, 835, 
549, 476. The 1H NMR spectrum completely agreed with the reported values. 1H NMR (300 MHz, CDCl3) H 
3.92 (s, 12H, OMe), 7.08 (d, J = 8.8 Hz, 8H, Ar-H), 7.59 (d, J = 8.8 Hz, 8H, Ar-H), 7.95 (s, 2H, pyrene-H), 
8.15 (s, 4H, pyrene-H). 13C NMR (100 MHz, CDCl3) C 159.1, 136.8, 133.7, 131.8, 129.7, 128.1, 126.2, 125.2, 
113.9, 55.5. FAB-HRMS: m/z calcd. for C44H34O4 626.25; found 626.26 [M+]. Anal. Calcd for C44H34O4: C, 
84.32; H, 5.47; Found: C, 84.30; H 5.48. 
 
Synthesis of 2-tert-butyl-4,5,7,9,10-pentakis(4-methoxy- phenyl)pyrene (5).17a To a mixture of 
7-tert-butyl-2,4,5,9,10- tetrabromopyrene (300 mg, 0.46 mmol), 4-methoxyphenyl- boronic acid  (561 mg, 
4.60 mmol) in toluene (80 mL) and ethanol (40 mL) at room temperature with stirring under argon, was added 
Na2CO3 (2 M, 20 mL) solution and Pd(PPh3)4 (110 mg, 0.096 mmol). The mixture was heated to 70 °C 
stirring over night. After cooling to room temperature, the mixture was quenched with water, extracted with 
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CH2Cl2 (500 mL), and washed with water and then brine. The organic extracts were dried with MgSO4 and 
evaporated. The residue was firstly washed with ethyl acetate (10 mL) and then purified by column 
chromatography eluting with hexane to give 6 as a white solid (105 mg, 36%); 1H NMR (300 MHz, CDCl3): ä 
= 1.26 (s, 9H, tBu), 3.81 (s, 3H, OMe), 3.83 (s, 6H, OMe), 3.84 (s, 6H, OMe), 6.86 (d, J = 8.79 Hz, 4H, Ph), 
6.87 (d, J = 8.79 Hz, 4H, Ph), 6.92 (d, J = 8.79 Hz, 2H, Ph), 7.20 (d, J = 8.61 Hz, 4H, Ph), 7.21 (d, J = 8.58 
Hz, 4H, Ph), 7.45 (d, J = 8.79 Hz, 2H, Ph), 7.93 (s, 2H, Py-H1,3), 8.02 (s, 2H, Py-H6,8) ppm.13C NMR (300 
MHz, CDCl3): ä = 31.7, 35.4, 55.2, 55.4, 113.2, 113.3, 113.5, 114.3, 122.0, 122.3, 122.8, 123.0, 128.9, 129.0, 
131.0, 131.4, 132.0, 132.2, 132.3, 134.6, 137.7, 137.8, 138.3, 148.5, 158.0, 159.1 ppm. MS (EI): m/z 789.82 
[M]+. C55H48O5 (789.97): calcd. C 83.73, H 6.13; found C 83.62, H 6.15.  
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Pyrene is a classical member of the family of PAHs, and possesses high thermal stability, 
photoluminescence efficiency, and enhanced hole-injection ability. Recently, many efforts 
have been devoted to the synthesis of pyrene-based materials for organic electronics. 
Generally, There are two strategies for effectively functionalizing pyrene core to control 
geometry. One way is to oxidize the K-region of the pyrene by using ruthenium chloride as a 
catalyst. it involves expansion of the conjugation of the linear aromatic backbone using 
additional aromatic rings via condensation reactions. Another strategy is direct electrophilic 
substitution of the pyrene at the active sites, namely, 1-, 3-, 6-, and 8- positions, or directly to 
attack at the 4-, 5-, 9- and 10- positions by employing sterically bulky tert-butyl groups at the 
2- and 7- positions. 
The thesis mainly explored bromination pyrene from 2-tertbutyl pyrene as starting 
material under different experimental condition, such as bromide reagent, temperature and 
catalyzer. Subsequently, series of several of shaped molecular on pyrene-based derivatives 
were presented by Suzuki-Miyaura crossing coupling reaction from corresponding bromine 
producers of pyrene for developing blue fluorescent materials in OLEDs application. Here, 
we explored effective methods for functionlization pyrene ring not only in the activated sites 
(1-, 3-, 6-, and 8-), but also in the K-region ( 5- and 9-). The nature and properties of the new 
compounds have characterized by their 1H/13C NMR spectra, X-ray diffraction, FT-IR 
spectroscopy, mass spectroscopy, as well as elemental analysis; the photophysical 
properties also have been measured by UV-vis absorption and fluorescence spectroscopy; 
and the electrochemical properties further investigated by cyclic voltammetry (CV) 
First, from 2-tertbutyl pyrene as key compound, the synthesis and photophysical 
properties of Y-shaped 1,3-diaryl-7-tert-butylpyrene chromophores were reported, in view of 
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possible applications in design of organic light emitting devices. Seven representative 
compounds have been synthesized through an improved procedure for the preparation of the 
1,3-dibromo pyrene precursor by Suzuki coupling reaction, and fully characterized, in 
particular by X-ray diffraction analysis of single crystals of five of them. The crystal packing 
structures are discussed in great detail, and the absorption and emission spectra of the 
chromophores are compared (all of them being blue emitters with high quantum yield.one of 
them, at least, exhibits solvatochromic properties) and is confronted (with) DFT calculated 
frontier orbitals in the ground state. 
Second, a series of butterfly-shaped pyrene derivatives of 1,3,5,9-tetraary substituent 
pyrene were synthesized by Suzuki cross-coupling reaction from novel bromide precursor of 
1,3,5,9-tetrabomo- 7-tertbutyl-pyrene, and the final target is appropriately characterized in 
solution and thin films by suitable optical spectroscopy. The main drawback of emission 
quenching was thoroughly overcome due to aggregation by introducing a bulky side-group 
in the very initial stage of the synthetic sequence in these systems. In continuation, the 
butterfly-shaped pyrene derivatives have high blue FL emissions with high quantum 
efficiency, good solubilities in common organic solvents and high stabilities. Thus, on the 
basis of their excellent photophysical properties, these compounds are potentially useful as 
blue emitters for OLED applications. 
Finally, I investigated the bromination mechanism of 2–tertbutylpyrene by applying detail 
experimental methods. The final thermodynamic product of 1,3,5,9- 
tetrabromo-7-tert-butylpyrene 2f was synthesized through stepwise eletrophilic substituent 
under FeBr3-catalysed rearrangement. the First step substitution occurred at 1, and 3- 
position of pyrene, subsequently, the active sites of 6-, and 8- position further occurred 
electrophilic substitution. However, due to the presence of tertbutyl group, which would be 
driven by the release of steric strain between the tert-butyl group and can be demonstrated by 
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molecular models, and might be expected to rearrange towards 5-, and 9- positions on the 
pyrene ring. Tthe subsequent application of these resultant bromopyrene to synthesize 
different types pyrene derivatives by Suzuki-Miyaura cross-coupling reaction in good to 
excellent yields, the number of the methoxylphenyl group as a substituent appended to the 
pyrene core is varied. Those pyrene derivatives were listed here and have two advantages: 1) 
the x-ray single crystal of final compounds validated bromination mechanism, that the 
regioselective halogenation of 2-tert-butyl pyrene to generate mono- di-, tri-, to 
tetrabromopyrene under iron powder catalyzing in a stepwise by the processing of 
substitution and re-arrangement, 2) the increased number of substituent group (C6H4-OMe) 
would affect not only the crystal packing patterns and arrangement manners; but also the 
UV-vis absorption and emission spectroscopy. This work can be taken as an example to 
depict the relationship between multiple methoxylphenyl group substituents and optical 
properties in pyrene system. The series of new molecular materials owned excellent optical 
features and improved thermal stabilities, which make them become potential candidates in 
optoelectronic applications such as OLED-like devices. 
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